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ABSTRACT
S i x  s t r u c t u r e  m o r p h o t y p e s  w e r e  r e c o g n i z e d  f r o m  t h e  
o v e r b a n k  d e p o s i t s  o f  P l a q u e m i n e  p o i n t .  T h e y  i n c l u d e d  r i p p l e  
d r i f t  l a m i n a t i o n s ,  t r o u g h  c r o s s - s t r a t i f i c a t i o n s ,  m a s s i v e  
s t r u c t u r e s ,  p a r a l l e l  l a m i n a t i o n s ,  d i s t o r t e d  l a m i n a t i o n s ,  
a n d  l e n t i c u l a r  l a m i n a t i o n s .  The  p r o b a b l e  h y d r o d y n a m i c  
c o n d i t i o n s  r e s p o n s i b l e  f o r  p r o d u c i n g  t h e s e  s t r u c t u r e  
m o r p h o t y p e s  w e r e  e s t a b l i s h e d  f r o m  e x i s t i n g  l i t e r a t u r e .
C h i - s q u a r e  a n a l y s e s  o f  t h e  s t r u c t u r e  m o r p h o t y p e s  
sh o w e d  a  c o m p a r a b l e  h i g h  d e g r e e  o f  v a r i a b i l i t y  i n  t h e  
v e r t i c a l ,  h o r i z o n t a l - l o n g i t u d i n a l  a n d  t r a n s v e r s e  d i r e c ­
t i o n s .  T h i s  h i g h  d e g r e e  o f  v a r i a b i l i t y  made v i s u a l  
c o r r e l a t i o n  o f  t h e  m o r p h o g e n e t i c  u n i t s  i m p o s s i b l e .  T h i s  
c o m p l e x i t y  w a s  p a r t i a l l y  s o l v e d  w i t h  t h e  h e l p  o f  q u a n t i ­
t a t i v e  t r e a t m e n t  o f  t h e  m o r p h o t y p e s .
A z o n a t i o n  o f  t h e  s t r u c t u r e  m o r p h o t y p e s  ( i n  v e r ­
t i c a l  a n d  t r a n s v e r s e  t o  r i v e r  d i r e c t i o n )  w a s  r e c o g n i z e d  
f r o m  t h e  a n a l y s i s  o f  v a r i a n c e  a n d  c h i - s q u a r e  a n a l y s i s .  A 
v e r t i c a l  s e q u e n c e  o f  s e d i m e n t a r y  s t r u c t u r e s  r e p r e s e n t i n g  
a n  e v e n t  i n  t h e  d e p o s i t i o n a l  h i s t o r y  w as  e s t a b l i s h e d  f r o m  
t h e  q u a n t i t a t i v e  g r a p h i c a l  t r e a t m e n t  o f  t h e  m o r p h o t y p e s  
s u p p l e m e n t e d  w i t h  o b s e r v a t i o n a l  d a t a .  U t i l i z i n g  s e d i m e n t  
p r o p e r t i e s ,  p r o c e s s - f o r r o  r e l a t i o n s h i p ,  p r o b a b l e  h y d r o d y n a m i c
c o n d i t i o n s ,  a n d  v e r t i c a l  c h a n g e s  i n  s t r u c t u r e  s u i t e s ,  
t h e  s e q u e n c e  o f  s t r u c t u r e s  w a s  c o r r e l a t e d  w i t h  a  f l o o d  
c y c l e  o f  t h e  r i v e r .  The s e q u e n c e  i n c l u d e d  ( f r o m  b o t t o m  
t o  t o p ) : 1 ) i n i t i a l  o v e r b a n k  f l o o d i n g  i n  t h e  l o w e r  f l o w
r e g i m e  a n d  f o r m a t i o n  o f  r i p p l e  d r i f t  l a m i n a t i o n ,  2 ) h i g h  
t u r b u l a n c e  d u r i n g  r i s i n g  f l o o d  a n d  t h e  f o r m a t i o n  o f  
d e f o r m a t i o n a l  s t r u c t u r e s ,  3)  u p p e r  f l o w  r e g i m e  d u r i n g  
maximum f l o o d  a n d  f o r m a t i o n  o f  p a r a l l e l  l a m i n a t i o n s  a n d  
m a s s i v e  s t r u c t u r e s  ( e r o s i o n  o c c u r r e d  a t  t h i s  s t a g e ) ,
4 )  l o w e r  f l o w  r e g i m e  i n  t h e  f a l l i n g  s t a g e  o f  f l o o d  a n d  
f o r m a t i o n  o f  t r o u g h  c r o s s - s t r a t i f i c a t i o n .  E a c h  v e r t i c a l  
s e q u e n c e  c o u l d  b e  r e c o g n i z e d  b y  e i t h e r  c o m p l e t e  o r  
p a r t i a l  p r e s e r v a t i o n  o f  t h e  s e d i m e n t a r y  s t r u c t u r e s .
An a t t e m p t e d  c o r r e l a t i o n  o f  p r e s e r v e d  s t r u c t u r e  
s e q u e n c e . -  ( s e v e n  i n  t o t a l )  w i t h  f l o o d  r e c o r d s  o f  t h e  
M i s s i s s i p p i  R i v e r  sh o w e d  t h a t  n o t  a l l  t h e  f l o o d s  w e r e  
r e c o r d e d  i n  t h e  p o r t i o n  o f  t h e  d e p o s i t  s t u d i e d .
xi
INTRODUCTION
D e l i n e a t i o n  o f  d e p o s i t i o n a l  e n v i r o n m e n t s  i n  R e c e n t  
d e p o s i t s ,  u s i n g  s e d i m e n t a r y  s t r u c t u r e s  a s  a t o o l ,  i s  o f t e n  
c o m p l i c a t e d  b y  t h e  c o m p l e x i t y  o f  s e d i m e n t a r y  s t r u c t u r e s  
a n d  t h e i r  h i g h  d e g r e e  o f  v a r i a b i l i t y .  T h i s  h i g h  d e g r e e  
o f  v a r i a b i l i t y  o f  t h e  m o r p h o t y p e s  m akes  v i s u a l  c o r r e l a t i o n  
o f  t h e  m o r p h o g e n e t i c  u n i t s  (a s e d e m e n t a t i o n  u n i t  c h a r a c ­
t e r i z e d  b y  a  s t r u c t u r e  m o r p h o t y p e )  c o m p l i c a t e d  o r  i m p o s s i ­
b l e ,  e v e n  o v e r  s h o r t  d i s t a n c e s .  T h i s  c o m p l e x i t y  h a s  b e e n  
t a c i t l y  r e c o g n i z e d  b y  v a r i o u s  w r i t e r s  w o r k i n g  w i t h  R e c e n t  
s e d i m e n t s  (McGowen a n d  G a r n e r ,  1 970 ;  S m i t h ,  1 9 7 0 ;  McKee, 
1 9 6 7 ;  C o lem an  a n d  G a g l i a n o ,  1 9 6 5 ;  Wolman a n d  L e o p o l d ,
1 9 5 7 ;  a n d  o t h e r s ) .  D i f f e r e n t  t y p e s  o f  s t a t i s t i c a l  p r o ­
c e d u r e s  h a v e  b e e n  u s e d  i n  r e s o l v i n g  t h i s  c o m p l e x i t y  w h e r e  
p a r a m e t e r s  w e r e  d i r e c t l y  m e a s u r a b l e ,  e . g .  s e d i m e n t  g r a i n  
s i z e ,  d i p  o f  s t r a t a ,  e t c .  ( K n e b e l  e t  a l . ,  1 9 6 8 ;  C h a y e s  e t  
a l . ,  1 9 6 6 ;  K l o v a n ,  1 9 6 6 ;  a n d  o t h e r s ) .  The i m p o r t a n c e  o f  
q u a l i t a t i v e  d i f f e r e n c e s  b e t w e e n  g r o u p s  o f  s t r u c t u r e s  i n  
t h e  i n t e r p r e t a t i o n  o f  d e p o s i t i o n a l  h i s t o r y  h a s  l e d  t o  many 
i n t r i c a t e  s c h e m e s  o f  c l a s s i f i c a t i o n s ,  b u t  a  q u a n t i t a t i v e  
a p p r o a c h  c o m p l i m e n t a r y  t o  t h e s e  d e s c r i p t i v e  m e t h o d s  h a s  n o t  
y e t  b e e n  much d e v e l o p e d  ( D a v i e s  a n d  E h r l i c h ,  1 9 6 6 ) .  O b j e c ­
t i v e  c h a r a c t e r i z a t i o n  o f  s e d i m e n t a r y  s t r u c t u r e s  w h i c h  a r e
1
" v i s i b l e  e x p r e s s i o n s  o f  n o n - u n i f o r m i t y  o f  t e x t u r e  a n d  com­
p o s i t i o n "  ( K r y n i n e ,  1 9 4 8 )  h a s  n o t  y e t  h a d  a  s u c c e s s f u l  
d e v e l o p m e n t .  S e d i m e n t a r y  s t r u c t u r e s  a r e  m o s t l y  c h a r a c ­
t e r i z e d  b y  t h e i r  q u a l i t a t i v e  p r o p e r t i e s ,  e . g .  g e o m e t r y  
a n d  a s s o c i a t i o n .  T h i s  p o s e s  a n  a d d i t i o n a l  p r o b l e m  i n  t h e  
q u a n t i t i v e  t r e a t m e n t  o f  s t r u c t u r e s  i n  t h e i r  e n v i r o n m e n t a l  
i n t e r p r e t a t i o n s .  An o b j e c t i v e  e v a l u a t i o n  o f  t h e  s e d i m e n ­
t a r y  s t r u c t u r a l  c o m p l e x i t y  o f  a  f l u v i a l  b a r  h a s  b e e n  d o n e  
b y  D a v i e s  a n d  E h r l i c h ,  (1 9 6 6 )  b u t  no  a t t e m p t  h a s  y e t  b e e n  
made t o  e v a l u a t e  t h e  e x a c t  n a t u r e  a n d  s i g n i f i c a n c e  o f  
s e d i m e n t a r y  s t r u c t u r e  v a r i a b i l i t y  i n  a n  e n v i r o n m e n t .
O b j e c t i v e  e v a l u a t i o n  o f  t h e  n a t u r e  o f  v a r i a b i l i t y  
o f  s e d i m e n t a r y  s t r u c t u r e  m o r p h o t y p e s  i n  t h e  o v e r b a n k  
d e p o s i t s  o f  a  f l u v i a l  p o i n t - b a r  h a s  b e e n  a t t e m p t e d  i n  
t h i s  p a p e r .  E s t a b l i s h m e n t  o f  a  g e n e t i c  s e q u e n c e  o f  
s t r u c t u r e s  w h i c h  may c h a r a c t e r i z e  t h e  h y d r o d y n a m i c  c o n ­
d i t i o n s  o f  d e p o s i t i o n  h a s  a l s o  b e e n  a p p r o a c h e d  q u a n t i t a ­
t i v e l y  a n d  h a s  b e e n  s u p p l e m e n t e d  w i t h  o b s e r v a t i o n a l  d a t a .
The s u b j e c t  o f  i n v e s t i g a t i o n  w as  t h e  o v e r b a n k  
d e p o s i t s ,  e x p o s e d  b y  q u a r r y i n g  o p e r a t i o n s  o n  P l a q u e m i n e  
P o i n t ,  a  p o i n t - b a r  o n  t h e  e a s t  b a n k  o f  t h e  M i s s i s s i p p i  
R i v e r  ( F i g .  1 A ) , a b o u t  209  m i l e s  u p s t r e a m  f ro m  t h e  r i v e r  
m o u t h .  E x c a v a t i o n  o f  s a n d s  f o r  c o n s t r u c t i o n  p u r p o s e s  h a s  
l e f t  a  n u m b e r  o f  v e r t i c a l  e x p o s u r e s ,  8 - 1 0  f e e t  h i g h ,  a p p r o x i ­
m a t e l y  a t  r i g h t  a n g l e s  t o  e a c h  o t h e r .  The q u a r r y  i s  l o c a t e d  
b e t w e e n  a n  a r t i f i c i a l  l e v e e  a n d  t h e  m a in  c h a n n e l  o f  t h e
Figure 
LA. 
L
ocation 
of 
Plaquem
ine 
Point 
and 
study 
a
re
a
.
W . BR. Parish
Iberv ille  Parish
Plaquemine Point
Artificial Levee■
Plaquemine
Louisi- 
s ana
1mi!e
Scale
4M i s s i s s i p p i  R i v e r  ( F i g .  I B ) .  E i g h t  o f  t h e s e  q u a r r y  f a c e s  
( A i ,  A2 , A3 , A4 , A5 , B l , B2 a n d  B5 ; h a v i n g  l e n g t h s  o f  1 4 0 ' ,  
2 7 6 ' ,  1 0 8 ' ,  2 4 ' ,  1 6 0 ' ,  6 8 ' ,  7 2 '  a n d  7 2 '  r e s p e c t i v e l y )  w e r e  
c h o s e n  f o r  q u a n t i t a t i v e  s t u d y  o f  s e d i m e n t a r y  s t r u c t u r e s  
p r e s e n t  i n  t h e m .  One s e t  o f  t h e s e  f a c e s  (A ^-A ^ ,  on F i g .
IB) i s  a p p r o x i m a t e l y  p a r a l l e l  t o  t h e  d e p o s i t i o n a l  s t r i k e  
o f  t h e  r i v e r .  T h e s e  w i l l  b e  r e f e r r e d  t o  a s  l o n g i t u d i n a l  
f a c e s .  The o t h e r  s e t  o f  f a c e s  ( B i ,  B2 a n d  B ^ ) a t  a p p r o x i ­
m a t e l y  r i g h t - a n g l e s  t o  d e p o s i t i o n a l  s t r i k e  w i l l  b e  r e f e r r e d  
t o  a s  t r a n s v e r s e  f a c e s .
T h r e e  d i s t i n c t  t o p o g r a p h i c  l e v e l s  h a v e  b e e n  o b s e r v e d  
a t  P l a q u e m i n e  P o i n t .  One o f  t h e s e  l e v e l s ,  l o c a t e d  n e a r  t h e  
low  w a t e r  l e v e l ,  s l o p e s  g e n t l y  ( 5 - 7 ° )  t o w a r d s  t h e  m a in  
c h a n n e l .  T h i s  l o w e r m o s t  l e v e l  i s  s i m i l a r  t o  a  b e a c h - w a s h  
z o n e  a n d  i s  s u b j e c t  t o  r e w o r k i n g  w i t h  m i n o r  v a r i a t i o n s  i n  
r i v e r  l e v e l ,  c l a y  b a l l s  a n d  g a s  e s c a p e  c a v i t i e s  c h a r a c ­
t e r i z e  t h e  s u r f a c e  o f  t h e  l o w e r m o s t  l e v e l .  The o t h e r  two 
l e v e l s  c o r r e s p o n d  t o  t h e  a v e r a g e  h i g h  w a t e r  l e v e l  a n d  h i g h e s t  
f l o o d  l e v e l  a t  P l a q u e m i n e  P o i n t .  The d i f f e r e n c e  i n  t h e  
e l e v a t i o n s  o f  t h e s e  tw o  l e v e l s  i s  1 0 - 1 2  f e e t .  D e n s e  g r o w t h  
o f  h a r d w o o d  t r e e s  c o v e r s  t h e  l o w e r  l e v e l  w h i c h  s l o p e s  
g e n t l y  t o w a r d s  t h e  m a in  c h a n n e l .  A v a r i e t y  o f  s e d i m e n t a r y  
s t r u c t u r e s  i n c l u d i n g  d i s t o r t e d  l a m i n a t i o n ,  p a r a l l e l  l a m i n a ­
t i o n  a n d  t r o u g h  c r o s s - s t r a t i f i c a t i o n ,  c h a r a c t e r i z e s  t h e  
d e p o s i t s  o f  t h i s  l e v e l .  The t o p m o s t  o r  h i g h e s t  f l o o d  l e v e l  
o f  t h i s  b a r  i s  s p a r s e l y  v e g e t a t e d .  C u l t i v a t i o n  i n  t h i s  a r e a
Figure IB. Location of the quarry on Plaquemine 
Point.
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6h a s  o b l i t e r a t e d  t h e  s e d i m e n t a r y  s t r u c t u r e s  o f  t h e  u p p e r  
tw o  f e e t  o r  s o  o f  t h i s  s u r f a c e .  The a r t i f i c i a l l y  d i s ­
t u r b e d  s e d i m e n t  c a p s  t h e  e n t i r e  d e p o s i t  o f  t h e  q u a r r y  
( s e e  f i g .  2 ) .  A r e p e t i t i v e  s e q u e n c e  o f  s e d i m e n t a r y  
s t r u c t u r e s  c h a r a c t e r i z e s  t h e  s e d i m e n t s  b e l o w  t h e  d i s t u r b e d  
z o n e ,  i n c l u d i n g  r i p p l e - d r i f t  l a m i n a t i o n ,  c o n v o l u t e  l a m i n a ­
t i o n ,  p a r a l l e l  l a m i n a t i o n ,  m a s s i v e  s t r u c t u r e  a n d  t r o u g h  
c r o s s - s t r a t i f i c a t i o n ,  ( s e e  p a g e  13 f o r  d e s c r i p t i o n s ) .  A l l  
t h e s e  s t r u c t u r e s  a r e  n o t  a l w a y s  p r e s e n t  i n  a n y  s i n g l e  
s e q u e n c e .  The i n d i v i d u a l  m o r p h o g e n e t i c  u n i t s  a r e  s m a l l  
a n d  v e r y  i r r e g u l a r  i n  t h e i r  g e o m e t r y .  An i n t e r - f i n g e r i n g  
r e l a t i o n  o f  t h e  m o r p h o g e n e t i c  u n i t s  i s  o b s e r v e d ,  b o t h  i n  
l o n g i t u d i n a l  a n d  t r a n s v e r s e  d i r e c t i o n s .
The c o n c a v e  c u t - b a n k  s i d e  i n  t h e  i m m e d i a t e  v i c i n i t y  
o f  P l a q u e m i n e  P o i n t  a r e  c h a r a c t e r i z e d ,  m a i n l y ,  b y  f i n e ­
g r a i n e d  s e d i m e n t s .  As a  r e s u l t ,  s e d i m e n t s  c o n t r i b u t e d  t o  
t h e  s t r e a m  b y  t h e  c a v i n g  o f  t h e  c u t - b a n k  s i d e  r a n g e  f ro m  
f i n e - s a n d  t o  c l a y .  The M i s s i s s i p p i  R i v e r  i n  t h i s  s e c t i o n  
c a n  b e  c a l l e d  a  m i x e d  l o a d  s t r e a m  ( h i g h  s u s p e n d e d  l o a d  t o  
b e d - l o a d  r a t i o )  (Schumm, 1 9 6 0 ,  1 9 6 8 ;  McGowen a n d  G a r n e r ,  
1 9 7 0 ) .
H ig h  s i n u o s i t y  a n d  low  g r a d i e n t  a r e  t h e  c h a r a c t e r ­
i s t i c  f e a t u r e s  o f  t h e  M i s s i s s i p p i  R i v e r  i n  t h i s  s e c t i o n .
The m e a n d e r s  i n  t h e  v i c i n i t y  o f  P l a q u e m i n e  P o i n t  a r e  h i g h l y  
a n g u l a r  a n d  t h e  r i v e r  t u r n s  a l m o s t  1 8 0 °  a r o u n d  t h e  p o i n t -  
b a r .  The p o i n t - b a r  a c c r e t i o n  i n  t h i s  v i c i n i t y  h a s  b e e n
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8e s t i m a t e d  t o  b e  i n  e x c e s s  o f  500  a c r e s  p e r  r i v e r  m i l e  
( K o l b ,  1 9 6 3 ) .  C o m p l e t i o n  o f  a  r e v e t m e n t  i n  1939 t o  c o n t r o l  
t h e  c a v i n g  o f  c u t - b a n k  s i d e  o f  t h e  r i v e r  a t  P l a q u e m i n e  h a s  
so m e w h a t  r e d u c e d  t h e  l a t e r a l  m i g r a t i o n  o f  t h e  b a r  ( s e e  f i g .  
15)  .
The d i s c h a r g e  r a t e s  o f  t h e  M i s s i s s i p p i  R i v e r  a r e  
h i g h l y  v a r i a b l e .  The maximum a n d  minimum d i s c h a r g e s  a t  
B a t o n  R o u g e ,  1 9 . 6  r i v e r  m i l e s  n o r t h  o f  t h e  s t u d y  a r e a  h a s  
v a r i e d  b e t w e e n  1 , 4 7 3 , 0 0 0  C f s .  a n d  7 3 , 7 0 0  C f s . ,  r e s p e c t i v e l y .  
The a v e r a g e  v e l o c i t y ,  l i k e  t h e  r a t e  o f  d i s c h a r g e ,  v a r i e s  
w i d e l y .  H o w e v e r ,  i t  s e l d o m  e x c e e d s  6 f t / s e c .  The w a t e r  
v e l o c i t y  on t h e  f l o o d  p l a i n  d u r i n g  t h e  o v e r b a n k  f l o w  i s ,  
u s u a l l y ,  l e s s  t h a n  t h e  a v e r a g e  r i v e r  v e l o c i t y .  I n  g e n e r a l ,  
A u g u s t - J a n u a r y  a n d  F e b r u a r y - J u l y  e x p e r i e n c e  t h e  l o w e s t  a n d  
t h e  h i g h e s t  s t a n d s  r e s p e c t i v e l y .  The p r e s e n t  d a y  ( p r i o r  
t o  1 9 50)  f l o o d  l e v e l  d o e s  n o t  r e a c h  t h e  h i g h e s t  p o r t i o n  
(35 f t  MSL) o f  ' »e b a r .  A v e r a g e  f l o o d  s t a g e  l e v e l s  
u s u a l l y  c a u s e  i n u d a t i o n  o f  t h e  q u a r r y  f l o o r  (25 f t  a b o v e  
MSL) a n d  t h e  l o w e r  l e v e l s  o f  t h e  p o i n t - b a r  d u r i n g  t h e  
m o n t h s  o f  F e b r u a r y - J u l y .
METHODS OF STUDY:
To make a  c o m p a r a t i v e  s t u d y  o f  t h e  c o n c e n t r a t i o n  
o f  s e d i m e n t a r y  s t r u c t u r e s  w i t h i n  a  q u a r r y  f a c e  a n d  b e t w e e n  
v e r t i c a l  f a c e s ,  i t  w as  n e c e s s a r y  t o  e s t a b l i s h  a  r e f e r e n c e  
d a t u m .  An a r b i t r a r y  h o r i z o n a l  p l a n e  a t  a n  a p p r o x i m a t e  
e l e v a t i o n  o f  32 f e e t  a b o v e  mean s e a - l e v e l  w as  f i x e d  ( f i g .  2 ) ,
9u t i l i z i n g  p l a n e  t a b l e  a n d  a l i d a d e .  T h i s  r e f e r e n c e  p l a n e ,  
h e n c e f o r t h  c a l l e d  t h e  d a t u m ,  w as  f i x e d  a t  s u c h  a n  e l e v a t i o n  
a s  t o  s e p a r a t e  t h e  a r t i f i c i a l l y  d i s t u r b e d  s e d i m e n t s  a b o v e  
t h i s  p l a n e  f r o m  t h e  l o w e r  e x p o s u r e s  w h i c h  w e r e  u s e d  f o r  
s t a t i s t i c a l  s t u d y .
F o r  s t u d y ,  e a c h  q u a r r y  f a c e  w as  d i v i d e d  i n t o  a 
n u m b er  o f  r o w s ,  e a c h  6 i n c h e s  w i d e ,  p a r a l l e l  t o  t h e  d a t u m  
p l a n e .  The r o w s  h a v e  b e e n  c h a r a c t e r i z e d  b y  t h e i r  d i s t a n c e s  
f ro m  t h e  d a t u m  p l a n e  ( e . g .  1s t  r o w  = 0 - 6  i n c h e s  b e l o w  
d a t u m ,  2nd  row  = 6 - 1 2  i n c h e s  b e l o w  d a t u m  e t c . ) .  S i n c e  
t h e  d a t u m  p l a n e  i s  a t  t h e  same e l e v a t i o n  i n  a l l  t h e  f a c e s ,  
a  p a r t i c u l a r  row  i s  a l s o  a t  t h e  same e l e v a t i o n  w i t h  r e s p e c t  
t o  mean s e a - l e v e l .  T h e s e  r o w s  s e r v e  a s  b l o c k s  i n  t h e  
r a n d o m i z e d  b l o c k  d e s i g n  ( S n e d e c o r  a n d  C o c h r a n ,  1 968)  w h i c h  
h a s  b e e n  u s e d  f o r  t h e  a n a l y s i s  o f  v a r i a n c e  i n  t h e  d e t e r ­
m i n a t i o n  o f  z o n a l  c o n c e n t r a t i o n  o f  m o r p h o t y p e s .
A n u m b e r  o f  v e r t i c a l  s t r i p s  (6 i n c h e s  w i d e )  w e r e  c u t  
i n  e a c h  q u a r r y  f a c e .  T h e s e  s t r i p s  w e r e  e s t a b l i s h e d  a t  a r b i ­
t r a r y  l o c a t i o n s  o v e r  t h e  f a c e s  a n d  w e r e  n u m b e r e d  i n  a n  i n ­
c r e a s i n g  o r d e r  f ro m  l e f t  t o  r i g h t  o n  e a c h  f a c e .  F o r  t h e  
a n a l y t i c a l  s t u d y ,  14 s t r i p s  w e r e  c u t  o n  f a c e  A^,  5 o n  f a c e  
A2 , 22 o n  f a c e  A-j, 8 o n  f a c e  A ^ ,  9 o n  f a c e  A5 , 5 o n  f a c e  B^,
8 on  f a c e  B2 a n d  10 o n  f a c e  B5 . i n t e r s e c t i o n  o f  t h e s e  s t r i p s  
w i t h  d i f f e r e n t  r o w s  p r o d u c e d  o b s e r v a t i o n a l  u n i t s  6 X6 i n c h e s  
s q u a r e .  As t h e  q u a r r y  f l o o r  h a s  a n  u n e v e n  s u r f a c e ,  n o t  a l l  t h e  
s t r i p s  c o u l d  b e  e x t e n d e d  t o  t h e  same d e p t h .  Nor  w e r e  a l l
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t h e  o b s e r v a t i o n a l  u n i t s  i n  a f a c e  u s e d  i n  t h e  v a r i a b i l i t y  
a n a l y s i s ,  a s  a  q u a n t i t a t i v e  c o m p a r i s o n  r e q u i r e s  e q u a l  n u m b e r  
o f  o b s e r v a t i o n s  p e r  s t r i p .  S i x  r o w s  i n  f a c e  a n d  s e v e n  
r o w s  i n  a l l  o t h e r  f a c e s  w e r e  u s e d  f o r  t h e  v a r i a b i l i t y  a n a l y ­
s e s .  F o r  t h e  f r e q u e n c y  c o m p a r i s o n  o f  m o r p h o t y p e s ,  h o w e v e r ,  
a l l  t h e  o b s e r v a t i o n a l  u n i t s  w e r e  u s e d .
R e c o g n i z a b l e  s t r u c t u r e  m o r p h o t y p e s  w e r e  d e n o t e d  b y  
n u m b e r s  ( 1 - 1 0 ) ,  a n d  t h e  s u i t e s  o f  s t r u c t u r e s  p r e s e n t  i n  an  
o b s e r v a t i o n a l  u n i t  w e r e  n o t e d .  D e s c r i p t i v e  t a b l e s  w e r e  
p r e p a r e d  b y  r e p r e s e n t i n g  e a c h  o b s e r v e d  m o r p h o t y p e  w i t h  i t s  
c h a r a c t e r i s t i c  n u m b e r  ( s e e  A p p e n d i x  1 A ) . T h e s e  o b s e r v a ­
t i o n a l  d a t a  w e r e  t r e a t e d  i n  t h e  o r d e r  shown i n  T a b l e  I .
Two s e t s  o f  t a b l e s  w e r e  made f r o m  t h e  o b s e r v a t i o n a l  
t a b l e s .  I n  o n e  s e t ,  t h e  n u m b e r  o f  c h a n g e s  i n  t h e  s e d i m e n ­
t a r y  s t r u c t u r e  s u i t e s  b e t w e e n  o b s e r v a t i o n a l  u n i t s  w e r e  
n o t e d  b y  s t r i p s  a n d  r o w s .  T h e s e  w e r e  u s e d  f o r  v a r i a b i l i t y  
a n a l y s e s .  D i s t r i b u t i o n  o f  a  m o r p h o t y p e  o v e r  a  f a c e  w as  
r e c o r d e d  i n  t h e  o t h e r  s e t  o f  t a b l e s  ( s e e  a p p e n d i x  I B ) .  
P r e s e n c e  o r  a b s e n c e  o f  a  m o r p h o t y p e ,  i n  t h e  o b s e r v a t i o n a l  
c e l l s  o f  a  f a c e ,  w a s  r e c o r d e d  a s  1 o r  0 r e s p e c t i v e l y .  T h i s  
s e t  o f  t a b l e s  w as  u s e d  f o r  f r e q u e n c y  a n a l y s e s .  H ig h  d e g r e e  
o f  v a r i a b i l i t y  o f  s e d i m e n t a r y  s t r u c t u r e s ,  c o m p a r a b l e  i n  a l l  
d i r e c t i o n s ,  l e d  t o  f r e q u e n c y  a n a l y s e s .  E f f e c t i v e  z o n a t i o n  
o f  m o r p h o t y p e s  w i t h i n  a  f a c e  ( i n  v e r t i c a l  a n d  h o r i z o n t a l -  
l o n g i t u d i n a l  d i r e c t i o n s )  a n d  b e t w e e n  f a c e s  ( f o r  t r a n s v e r s e  
d i r e c t i o n )  w as  t e s t e d  w i t h  t h e s e  a n a l y s e s .
TABLE -  I
F lo w  d i a g r a m  o f  t h e  s t a t i s t i c a l  a n a l y s e s .
WITHIN A FACE
VERTICAL HORIZONTAL 
DIRECTION DIRECTION
OBSERVATION TABLES 
( A p p e n d ix  1A)
VARIABILITY ANALYSES
AMONG FACES
■DISTRIBUTION TABLES 
( A p p e n d ix  IB)
FREQUENCY ANALYSES 
WITHIN A FACE AMONG FACES
OTHER SEDIMENTOLOGICAL 
OBSERVATIONS AND GENESIS
ANALYSIS
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To e s t a b l i s h  t h e  e x a c t  n a t u r e  o f  z c n a t i o n  o f  t h e  
s t r u c t u r e  m o r p h o t y p e s ,  g r a p h i c a l  m e t h o d s  w e r e  u s e d .  G e n e ­
t i c  i n t e r p r e t a t i o n s  w e r e  s u p p l e m e n t e d  w i t h  o t h e r  s e d i m e n -  
t o l o g i c a l  o b s e r v a t i o n s  e . g . ,  s t u d y  o f  h y d r o g r a p h s  a n d  
h i s t o r i c a l  c o u r s e s  o f  t h e  r i v e r  a n d  s i z e  a n a l y s i s  o f  s e d i ­
m e n t s .
DESCRIPTION OF MORPHOTYPES
S e d i m e n t a r y  s t r u c t u r e s  r e p r e s e n t  a  d i a g n o s t i c  im­
p r i n t  o f  t h e  h y d r o d y n a m i c  c o n d i t i o n s  p r e v a i l i n g  a t  t h e  
t i m e  o f  t h e i r  f o r m a t i o n .  I n  o r d e r  f o r  s e d i m e n t a r y  s t r u c ­
t u r e s  t o  b e  u s e f u l  i n  t h e  i n t e r p r e t a t i o n  o f  d e p o s i t i o n a l  
h i s t o r y ,  i t  i s  n e c e s s a r y  t o  h a v e  a  w o r k i n g  c l a s s i f i c a t i o n  
o f  d i s t i n c t i v e  m o r p h o t y p e s  a n d  t o  e s t a b l i s h  t h e  c o n d i t i o n s  
u n d e r  w h i c h  t h e s e  s t r u c t u r e s  a r e  f o r m e d  (Colem an a n d  G a g -  
l i a n o ,  1 9 6 5 ) .  An e n o r m o u s  a m o u n t  o f  l i t e r a t u r e  h a s  b e e n  
p u b l i s h e d  t o  d e s c r i b e  t h e  q u a l i t a t i v e  c h a r a c t e r i s t i c s  o f  
s e d i m e n t a r y  s t r u c t u r e  m o r p h o t y p e s .  As a  r e s u l t ,  a  c o n ­
s i d e r a b l e  c o n f u s i o n  h a s  b e e n  d e v e l o p e d  i n  t h e  t e r m i n o l o g y  
o f  t h e  s t r u c t u r e  t y p e s .  I n  a n  a t t e m p t  t o  a v o i d  c o n f u s i o n  
i n  t h e  u s a g e  o f  t e r m i n o l o g y ,  a  b r i e f  d e s c r i p t i o n  o f  
s t r u c t u r e  t y p e s  h a s  b e e n  i n c o r p o r a t e d  h e r e .  Tho u g h  t h e  
c h a r a c t e r i s t i c  f e a t u r e s  a r e  o b s e r v a t i o n a l ,  t h e  p r o b a b l e  
o r i g i n  a n d  f l o w  c o n d i t i o n s  a t  t h e  t i m e  o f  f o r m a t i o n  o f  
t h e s e  m o r p h o t y p e s  a r e  i n t e r p r e t a t i v e  a n d  e x i s t i n g  l i t e r a ­
t u r e  h a s  b e e n  u s e d  t o  a r r i v e  a t  t h e  c o n c l u s i o n s  i n c l u d e d  
h e r e .
A l a r g e  n u m b er  o f  p r i m a r y  s t r u c t u r e s  o f  v a r i e d  
s c a l e  a n d  g e o m e t r y  h a v e  b e e n  r e c o g n i z e d  i n  t h e  o v e r b a n k  
d e p o s i t s  o f  P l a q u e m i n e  p o i n t  b a r .  T h e s e  s t r u c t u r e s  c a n  
b e  c o n v e n i e n t l y  g r o u p e d  i n t o  s i x  m o r p h o t y p e s .  I n  o r d e r
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o f  a b u n d a n c e ,  t h e y  a r e :  r i p p l e  d r i f t  l a m i n a t i o n ,  t r o u g h
c r o s s - s t r a t i f i c a t i o n  ( s m a l l - s c a l e ) ,  m a s s i v e  s t r u c t u r e ,  
d i s t o r t e d  l a m i n a t i o n ,  p a r a l l e l  l a m i n a t i o n  a n d  l e n t i c u l a r  
l a m i n a t i o n .  C h a r a c t e r i s t i c s ,  d i s t r i b u t i o n ,  a n d  p r o b a b l e  
o r i g i n  o f  t h e s e  s t r u c t u r e  t y p e s ,  h a v e  b e e n  s u m m a r i z e d  i n  
T a b l e  I I .  D e s c r i p t i o n  o f  i n d i v i d u a l  s t r u c t u r e - t y p e s  
f o l l o w s .
SMALL-SCALE TROUGH CROSS-STRATIFICATION:
T r o u g h  c r o s s - s t r a t i f i c a t i o n  i s  c h a r a c t e r i z e d  b y  
e l o n g a t e  t r o u g h - s h a p e d  e r o s i o n a l  s c o u r s ,  i n f i l l e d  w i t h  
s c o o p - s h a p e d  l a m i n a e  ( P l a t e - I B ,  I I A ,  V I A ) .  S c o u r s  a r e  
e l o n g a t e  p a r a l l e l  t o  t h e  f l o w  d i r e c t i o n  a n d  p l u n g e  i n  a 
down c u r r e n t  d i r e c t i o n .  D i m e n s i o n s  o f  t r o u g h s  a r e  
m e a s u r e d  i n  t e r m s  o f  i n c h e s .  The  c u r v e d  i n f i l l i n g  o f  
l a m i n a e  a r e ,  i n  m o s t  c a s e s ,  s y m m e t r i c a l .  A s s y m r o e t r i c a 1 
i n f i l l i n g  i s  a l s o  o b s e r v e d .
Various authors (McKee, 1 9 3 9 ;  Stokes, 1953 ;  
Botvinkina et al. , 1 9 5 4 ;  Hamblin, 1 9 6 1 ;  Harms et al.,
1 9 6 3 ;  P o t t e r  1 9 6 3 ;  F r i e n d ,  1 9 6 5 ;  Harms a n d  F a h n e s t o c k ,  1 9 65 ;  
D a v i e s ,  1 9 6 5 ;  S im o n s  a n d  H o p k i n s ,  1 9 6 6 ;  R ay ,  1 9 6 7 ;  a n d  
o t h e r s )  h a v e  r e p o r t e d  s m a l l  s c a l e  t r o u g h  c r o s s - s t r a t i f i ­
c a t i o n  f r o m  f l u v i a l  f i n e  a n d  v e r y  f i n e  s a n d s  a n d  s i l t s .
Geometry and dimensions of troughs range widely, 
but in no case do the thicknesses of troughs exceed 1 . 5  
inches. The smallest troughs are about 0 . 1  inches thick.
TABLE -  I I  (Contd.)
DISTORTED 
LAMINA­
TIONS .
5 Wavy
( P l s . I V B ,
I D . )
A l t e r n a t i n g  l a m i n a t i o n s  
o f  d i f f e r i n g  t e x t u r e .  C o ­
r r u g a t e d  u p p e r  a n d  l o w e r  
l i m i t s .  U n i t s  0 . 2 5 - 4  i n c h ­
e s  t h i c k .
A l l
F i n e  s a n d  t o  
s i l t
S y n - d e p o s i t i o n ­
a l .
P o s t - d e p o s i t i o ­
n a l .
U p p e r - f l o w -  
r e g i r o e . ( ? ) .
6 C o n v o l u t e
l a m i n a t i o n
t y p e - i .
( P l s . I I I A ,
I I I B . I V C ,
VB)
D e e p l y  f o l d e d  l a m i n a e .  
F l a m e - l i k e  a n t i c l i n a l  c r e ­
s t s  a n d  b r o a d  s y n c l i n a l  
t r o u g h s .  U n i t s  l e s s  t h a n  
s e v e n  i n c h e s  t h i c k .
a 3 .
V
A l*
V
a 5 .
M o d e r a t e l y  
s o r t e d  s i l t S y n - d e p o s i t i o ­
n a l .
T u r b u l a n t , 
L o w e r  o r  
u p p e r  f l o w  
r e g i m e .
7 C o n v o l u t e  
l a m i n a t i o n  
t y p e - l l  
( P l s . I B . I I C  
I I I C . V C , )
F o l d e d  l a m i n a e .  A x i a l  p l a ­
n e s  i n c l i n e d  i n  d o w n - c u r r ­
e n t  d i r e c t i o n .  I n t e n s i t y  
i n c r e a s e s  u p w a r d  i n  a  
d e p o s i t i o n a l  u n i t .
A3 A l l F i n e  s a n d  t o  
s i l t
S y n - d e p o s i t  i o n -  
a l  o r  e a r l y  
p o s t - d e p o s i t  i o ­
n a l .
T u r b u l a n t  
l o w e r  f l o w -  
r e g i r o e ( ? ) .
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R I P P L E -  
DRIPT 
LAMINATIONS 
( P l s . I A . I D .  
V D . V I B . )
S m a l l  r i p p l e  
L a r g e  r i p p l e
S u p e r p o s e d  r i p p l e s .  V e r t i ­
c a l l y  s u c c e d i n g  l a m i n a e  
a d v a n c e  o v e r  t h e  *> toss  
s l o p e  o f  r i p p l e  i m m e d i a t e ­
l y  dow n s t r e a m .  A n g l g  o f  
c l i m b  r a n g e  f r o m  5 - 4 5  . 
H e i g h t  l e s s  t h a n  2 i n c h e s  
H e i g h t  m o r e  t h a n  2 i n c h e s
A i .
a 5 .
A2 '
A 3 ' 
A4 .
M o d e r a t e l y  
s o r t e d  s i l t .
S y n - d e p o s i t i o n ­
a l .  F r o m  r i p p l e  
t r a i n s  o f  l i n -  
g u o i d  n a t u r e .  
A b u n d a n t  s e d i ­
m e n t  s u p p l y .
L o w e r  f l o w  
r e g i m e .
10 LENTICULAR
LAMINATION
B u r i e d  c u r r e n t  r i p p l e s .  
U n i t s  r e d u c e  t o  z e r o  t h i ­
c k n e s s  a t  b o t h  e n d s .
A l l F i n e  s a n d  
t o  c l a y .
S y n - d e p o s i t i o n ­
a l .  W i n n o w i n g  
a c t i o n  b y  w a v e s
?
* See t e x t  f o r  c i t a t i o n s .
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P r e d o m i n a n t  t r o u g h s  a r e  0 . 3  t o  0 . 6  i n c h e s  t h i c k ,  1 t o  4 
i n c h e s  w i d e  a n d  5 t o  7 i n c h e s  l o n g .  F o r  t h e  p u r p o s e  o f  
s t a t i s t i c a l  a n a l y s i s ,  t h i s  m o r p h o t y p e  h a s  b e e n  c l a s s i f i e d  
i n t o  tw o  s t r u c t u r e  t y p e s .
1) Deep troughs (Stricture type 1 ) :  More than 0 . 4
inches thick.
2) Flat troughs (Structure type 2 ) :  Less than 0 . 4
inches thick.
B o t h  s t r u c t u r e  t y p e s  (1&2) o c c u r  i n  t h e  c o a r s e s t  
s e d i m e n t  o f  t h e  a r e a ,  r a n g i n g  f r o m  w e l l  s o r t e d  v e r y - f i n e  
s a n d  t o  c o a r s e  s i l t .  O r g a n i c  m a t t e r ,  when p r e s e n t ,  c o n ­
c e n t r a t e s  i n  t h e  l o w e r m o s t  p a r t  o f  t h e  t r o u g h .  O c c a ­
s i o n a l l y ,  t h e s e  s t r u c t u r e  t y p e s  h a v e  b e e n  m o d i f i e d  b y  r o o t  
a n d  o t h e r  k i n d s  o f  b u r r o w s .
S m a l l  s c a l e  t r o u g h  c r o s s - s t r a t i f i c a t i o n s  a r e  a b u n ­
d a n t  i n  a l l  t h e  q u a r r y  f a c e s  e x c e p t  i n  Aj  ^ a n d  A5 , w h e r e  
t h e y  o c c u r  o n l y  i n  t h e  l o w e r m o s t  p a r t  o f  t h e s e  tw o  f a c e s .
G e n e t i c a l l y ,  t h e  t r o u g h  c r o s s - s t r a t i f i c a t i o n s  a r e  
r e l a t e d  t o  s m a l l  a s y m m e t r i c a l  r i p p l e s  ( A l l e n ,  1 9 6 3 ,  1965)  
o r  m ore  s p e c i f i c a l l y  t o  t h o s e  o f  l i n g u o i d  k i n d  (Harms e t  
a l . ,  1 9 6 3 ) .  A l l e n  ( 1 9 6 3 ,  1965)  p o i n t s  o u t  t h a t  t h i s  
m o r p h o t y p e  i s  i n d i c a t i v e  o f  low  i n t e n s i t y  c u r r e n t s  i n  t h e  
l o w e r  f l o w - r e g  i m e .
RIPPLE-D RIFT LAMINATION:
R i p p l e - d r i f t  l a m i n a t i o n s  a r e  c o m p o s e d  o f  v e r t i c a l l y
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s t a c k e d  c u r r e n t  r i p p l e s .  i n  a  s e c t i o n  p a r a l l e l  t o  t h e  
c u r r e n t  d i r e c t i o n ,  r i p p l e  c r e s t s  o f  v e r t i c a l l y  s u p e r p o s e d  
l a m i n a e  a p p e a r  t o  b e  a d v a n c i n g  o v e r  t h e  s t o s s  s l o p e  o f  t h e  
r i p p l e ,  i m m e d i a t e l y  d o w n s t r e a m  (McKee, 196 5; C o le m a n  a n d  
G a g l i a n o ,  1 9 65)  ( P l a t e - I D ,  VD, V I B ) . I n d i v i d u a l  l a m i n a e  
o f  t h e  r i p p l e  o f t e n  c o n t i n u e  f r o m  o n e  r i p p l e  f o r m  t o  t h e  
o t h e r  a n d  c a n  o c c a s i o n a l l y  b e  t r a c e d  f o r  o v e r  1 . 5  f e e t .  
T h i s  t y p e  o f  l a m i n a t i o n  i s  v a r i o u s l y  t e r m e d  a s  r i p p l e -  
d r i f t  l a m i n a t i o n  b y  W a l k e r  ( 1 9 6 3 ) ,  c l i m b i n g  r i p p l e s  b y  
C o l e m a n ,  G a g l i a n o  a n d  Webb ( 1 9 6 4 ) ,  o r  s t e e p l y  c l i m b i n g  
s m a l l - s c a l e  c r o s s - s t r a t i f i e d  s e t s  b y  A l l e n  ( 1 9 6 8 ) .
R i p p l e - d r i f t  l a m i n a t i o n s  h a v e  b e e n  r e p o r t e d  f ro m  
f l u v i a l  d e p o s i t s  b y  v a r i o u s  a u t h o r s  ( B o t v i n k i n a  e t  a l . ,  
1 9 5 4 ;  A l l e n ,  1 9 6 3 ,  F r i e n d ,  1 9 6 5 ;  McKee,  1 9 6 6 ;  B o t v i n k i n a ,  
1 9 6 5 ;  D a v i e s ,  1 9 6 5 ;  McKee e t  a l .  1 9 6 7 ;  C o l e m a n ,  1 9 69 ;  
McGowen a n d  G a r n e r ,  1 9 7 0 ;  a n d  o t h e r s ) .
R e c o n s t r u c t i o n  o f  i n d i v i d u a l  r i p p l e - f o r m  i s  o f t e n  
c o m p l i c a t e d  b y  t h e  p r e s e n c e  o f  a n  e r o s i o n a l  u p p e r  s u r f a c e .  
I t  i s ,  h o w e v e r ,  a p p a r e n t  t h a t  i n d i v i d u a l  r i p p l e - h e i g h t  i n  
* x y ‘ p l a n e  ( A l l e n ,  1 9 6 8 )  r a n g e s  f r o m  0 . 5  i n c h e s  t o  a b o u t  
6 i n c h e s .  A n g l e  o f  c l i m b  i s  i n  t h e  r a n g e  o f  5 °  t o  4 5 ° ,  
t h o u g h  v a l u e s  i n  e x c e s s  o f  3 0 °  a r e  r a r e .  W i t h i n  a  m o r p h o ­
g e n e t i c  u n i t ,  t h e  r i p p l e  h e i g h t  i n c r e a s e s  f r o m  b o t t o m  t o  
t o p .  F o r  c o n v e n i e n c e  i n  t h i s  s t u d y ,  t h i s  m o r p h o t y p e  h a s  
b e e n  c l a s s i f i e d  i n t o  tw o  a r b i t r a r y  s t r u c t u r e  t y p e s .
1) S m a l l - s c a l e  r i p p l e - d r i f t  l a m i n a t i o n s  ( S t r u c t u r e
t y p e  8 ) :  H e i g h t  o f  t h e  r i p p l e  l e s s  t h a n  2 i n c h e s .
2) L a r g e - s c a l e  r i p p l e - d r i f t  l a m i n a t i o n s  ( S t r u c t u r e  
t y p e  9 ) :  H e i g h t  g r e a t e r  t h a n  2 i n c h e s .
A c h a r a c t e r i s t i c  f e a t u r e  o f  r i p p l e  d r i f t  l a m i n a ­
t i o n s  i n  t h e  M i s s i s s i p p i  R i v e r  p o i n t - b a r s  i s  t h e  p r e s e n c e  
o f  c l a y ,  m i c a ,  o f  f i n e l y  d i v i d e d  o r g a n i c  m a t t e r s  on  t h e  
l e e  s l o p e  o f  t h e  r i p p l e s ,  a s  h a s  b e e n  n o t e d  b y  C o le m a n  a n d  
G a g l i a n o  ( 1 9 6 5 ) .  The s e d i m e n t s  s h o w i n g  r i p p l e - d r i f t  
l a m i n a t i o n s  a r e ,  i n  g e n e r a l ,  medium s o r t e d .  W h i l e  t h e y  
c o n t a i n  s i l t s  i n  t h e i r  p r i m a r y  m ode ,  b o t h  f i n e  s a n d  a n d  
c l a y  c o n t e n t  a r e  r a t h e r  h i g h .
Ripple-drift laminations are dominant structures 
in faces Ai, and A^. In other faces they occur abundantly 
in a repetitive sequence with other morphotypes.
Low c u r r e n t - v e l o c i t y  a n d  a b u n d a n t  s u p p l y  o f  s u s ­
p e n d e d  s e d i m e n t  h a v e  b e e n  c o n s i d e r e d  t h e  c a u s e  o f  t h e  
f o r m a t i o n  o f  l i n q u o i d  r i p p l e - t r a i n s  c a u s i n g  r i p p l e - d r i f t  
l a m i n a t i o n s  ( B u c h e r ,  1 9 1 9 ;  a s  q u o t e d  b y  McKee,  196 5;  A l l e n ,  
1 9 6 3 ,  1 9 6 8 ;  W a l k e r ,  1 9 6 3 ;  McKee, 1 9 6 6 ,  1 9 6 7 ) .  McKee ( 1 9 6 7 )  
r e l a t e s  t h e  f o r m a t i o n  o f  r i p p l e  d r i f t  l a m i n a t i o n s  t o  t h e  
s l o w  p h a s e  o f  l o w e r  f l o w  r e g i m e .
DISTORTED LAMINATIONS:
A l l  t y p e s  o f  d e f o r m a t i o n a 1 s t r u c t u r e s  a r e  i n c l u d e d  
i n  t h i s  g r o u p .  A w i d e  s p e c t r u m  o f  c o n v o l u t e  l a m i n a t i o n s  
h a s  b e e n  o b s e r v e d  i n  t h e  o v e r b a n k  d e p o s i t s  o f  P l a q u e m i n e
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p o i n t  b a r .  T h e y  d i f f e r  i n  t h e i r  m o r p h o l o g y  a n d  s c a l e  b u t  
c l e a r l y  i n d i c a t e  t h e  v a r i e t y  o f  p r o c e s s e s  r e s p o n s i b l e  f o r  
t h e i r  f o r m a t i o n .  S i n c e  no  s t a n d a r d  g e o m e t r i c  o r  g e n e t i c  
c l a s s i f i c a t i o n  o f  d i s t o r t e d  l a m i n a t i o n s  i s  a v a i l a b l e ,  
t h e  w i d e  v a r i e t y  o f  d i s t o r t e d  l a m i n a t i o n s  h a v e  b e e n  
g r o u p e d ,  f o r  c o n v e n i e n c e ,  i n t o  t h r e e  s t r u c t u r e  t y p e s  w h i c h  
w i l l  b e  c o n s i d e r e d  i n d i v i d u a l l y .  F i e l d  e v i d e n c e  s u g g e s t s  
t h a t  d i s t o r t e d  l a m i n a t i o n s  a r e  e i t h e r  s y n - d e p o s i t i o n a l  
o r  e a r l y  p o s t - d e p o s i t i o n a l  a n d  t h a t  t h e y  a r e  f o r m e d  when 
t h e  s e d i m e n t  i s  i n  a  q u a s i - s o l i d  s t a t e .
Convolute laminations;
"The c o n v o l u t e  l a m i n a t i o n s  a r e  s e t s  o f  w avy  o r  
c o n t o r t e d  l a m i n a e  w h o s e  d e f o r m a t i o n  c h a r a c t e r i s t i c a l l y  
d i e s  b o t h  u p w a r d  a n d  d o w n - w a r d  w i t h i n  a  g i v e n  s e d i m e n t a ­
t i o n  u n i t . ” (Ten H a a f ,  1 9 5 6 ) .  T h e y  a r e  f o s s i l  r e c o r d s  
o f  t h e  f o r c e s  t h a t  a c t e d  u p o n  a  l a m i n a t e d  b e d  d u r i n g  i t s  
s e d i m e n t a t i o n  ( D z u l y n s k i  a n d  S m i t h ,  1 9 5 6 ) .
C o n v o l u t e  l a m i n a t i o n s  o f  a  w i d e  v a r i e t y  h a v e  b e e n  
r e p o r t e d  f r o m  b o t h  r e c e n t  a n d  a n c i e n t  s e q u e n c e s  b y  many 
a u t h o r s  (Ten H a a f ,  1 9 5 6 ,  D z u l y n s k i  a n d  S m i t h ,  1 9 6 3 ;  S e n ,  
1 9 6 7 ;  C o lem an  e t  a l . ,  1 9 6 4 ,  C o le m a n  a n d  G a g l i a n o ,  1 9 6 5 ;  
a n d  o t h e r s ) .
Two d i s t i n c t l y  d i f f e r e n t  t y p e s  o f  c o n v o l u t e  l a m i n a ­
t i o n s  h a v e  b e e n  r e c o g n i z e d  i n  d e p o s i t s  o f  t h e  P l a q u e m i n e  
p o i n t  b a r .  T h e y  d i f f e r  i n  g e o m e t r y  a n d  p r o b a b l y  i n  g e n e s i s .
1) C o n v o l u t e  l a m i n a t i o n :  T y p e - I :  M o r p h o l o g i c a l l y ,
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this type of convolute lamination has more complex pat­
terns than the other type. individual laminae are deeply 
folded. They have sharp anticlinal portion which resemble 
a flame in shape and almost always occur on top of the 
ripple drift lamination units. (Plates I I I A ,  B, IVC, V B ) .
T y p e - I  s e d i m e n t a t i o n  u n i t s  d o  n o t  h a v e  a  w i d e  
v e r t i c a l  o r  h o r i z o n * 3. d i s t r i b u t i o n .  I n d i v i d u a l  u n i t s  a r e  
r a r e l y  m ore  t h a n  7 i n c h e s  i n  t h i c k n e s s  a n d  maximum h o r i -  
z o n a l  e x t e n t  i s  l e s s  t h a n  5 f e e t  h o r i z o n a l l y .  S e d i m e n t s  
s h o w i n g  c o n v o l u t e  l a m i n a t i o n  t y p e - i  a r e  m o d e r a t e l y  s o r t e d  
s i l t s .  G r a i n  s i z e  d i s t r i b u t i o n s  a r e  so m e w h a t  s i m i l a r  t o  
t h a t  o f  s e d i m e n t s  s h o w i n g  r i p p l e - d r i f t  l a m i n a t i o n s .
C o n v o l u t e  l a m i n a t i o n  ( t y p e - i )  o c c u r s  com m only  i n  
f a c e s  A3 a n d  A4 . I t  i s  r a r e  i n  o t h e r  f a c e s .  C o le m a n  a n d  
G a g l i a n o ,  ( 1 9 6 5 )  r e l a t e d  c o n v o l u t e  l a m i n a t i o n s  o f  t h i s  
n a t u r e  t o  l o c a l  t u r b u l e n c e .  The c u r r e n t  v e l o c i t y  p r e v a i l ­
i n g  a t  t h e  t i m e  o f  t h e i r  f o r m a t i o n  w as  p r o b a b l y  i n  t h e  
u p p e r  p h a s e  o f  l o w e r  f i o w - r e g i m e  o r  l o w e r  p h a s e  o f  u p p e r -  
f l o w  r e g i m e .
2) C o n v o l u t e  l a m i n a t i o n :  T y p e - n  c o n v o l u t i o n
i s  r e c o g n i z e d  b y  i t s  u b i q u i t o u s  m o r p h o l o g i c  c h a r a c t e r s .
The laminations are convoluted to form synclines and 
anticlines and the axia1-planes of these folds are inclined 
in the down current direction (Plate-mc) . The inclina­
tions of the axial-planes to the vertical are not the same 
in all the folds in a sedimentation unit. Sometimes, the
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axial-planes of the folds are almost horizonal (Plate-VC). 
The intensity of convolution increases upward within a 
depositional unit and decreases in the vertical and hori­
zonal directions, in a vertical section, parallel to the 
current direction, these units look like flat dishes. Most 
remarkable, however, is the lateral contiguity of Type-n 
convolute laminations with the structures of larger sedi­
mentation units in which they are present. Strati- 
graphically, they always occur on the upper part of the 
ripple-drift unit. Sedimentation units showing Type-II 
convolutions do not exceed 25 feet in horozontal extent. 
Average thickness of these morphogenetic units is 6 inches.
Moderately-sorted silt units show Type-n convolu­
tions. Some amount of dark organic matter is almost 
always present in these units. Convolute lamination 
(Type-II) has equal frequency of occurrence in all the 
quarry faces.
From the nature of Type-II convolution, it is 
evident that some sort of drag is responsible for their 
formation. Tftis drag may be caused either by silt laden 
water (Dzulynski and Smith, 196 3) or by adjustment of 
slopes, whereby the upper unit is slumped over the still- 
soft sediment causing convolution in the lower sediment 
(Rich, 1 9 5 0 ) .  The fact that the upper surface is an 
erosional plane supports the latter view.
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Wavy l a m i n a t i o n s ;
Wavy l a m i n a t i o n s  a r e  a l t e r n a t i n g  l a m i n a t i o n s  o f  
d i f f e r i n g  t e x t u r e  o r  c o l o r  i n  w h i c h  t h e  u p p e r  a n d  l o w e r  
l i m i t s  o f  t h e  l a m i n a  a r e  n o t  s t r a i g h t ,  b u t  c o r r u g a t e d  
( B o t v i n k i n a  e t  a l . ,  1 9 5 6 ;  C o lem an  a n d  G a g l i a n o ,  1965)  
( P l a t e - i D ) .
I n d i v i d u a l  u n i t s  s h o w i n g  w avy  l a m i n a t i o n s  a r e  
h i g h l y  v a r i a b l e  i n  t h e i r  d i m e n s i o n s .  T h i c k n e s s  o f  t h e  
u n i t s  r a n g e s  f r o m  a f r a c t i o n  o f  a n  i n c h  t o  a  f ew  i n c h e s .
The frequency of occurrence of these units is low in all 
the quarry faces.
Lateral contiguity of parallel lamination units 
with the wavy laminated units shows that either, a) both 
types form under the same overall hydrodynamic conditions 
or b) wavy laminations are formed from parallel laminations 
by post-depositional processes.
PARALLEL LAMINATIONS;
P a r a l l e l  l a m i n a t i o n s  c o n s i s t  o f  s t r a i g h t  p a r a l l e l  
a l t e r n a t i n g  l a y e r s  o f  d i f f e r e n t  t e x t u r e  a n d  c o l o r  ( P l a t e -  
VC) ( K u e n e n ,  1 9 5 3 ;  McKee a n d  W e i r ,  1 9 5 3 ;  Van S t r a a t a n ,
1 9 5 4 ;  Wood a n d  S m i t h ,  1 9 5 9 ;  Bouma,  1 9 6 2 ) .  E a c h  l a m i n a  i s  
l e s s  t h a n  o n e - f o u r t h  i n c h  i n  t h i c k n e s s ;  h o w e v e r ,  t h i c k n e s s  
o f  i n d i v i d u a l  s t r a t a  v a r i e s  w i t h i n  a  s e t .  U n i t s  s h o w i n g  
p a r a l l e l  l a m i n a t i o n s  a r e  o f  tw o  t y p e s .  One r a n g e s  f ro m  a 
f r a c t i o n  o f  a n  i n c h  t o  a b o u t  4 i n c h e s  i n  t h i c k n e s s  a n d  i s
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c o m p o s e d  o f  f i n e - s i l t  a n d  c l a y .  The o t h e r  u n i t s  a r e  
t h i c k e r  ( 4 - 8  i n c h e s )  a n d  a r e  c o m p o s e d  o f  f i n e - s a n d  a n d  
s i l t .  The f o r m e r  u n i t s  a r e  m ore  common i n  t h e  q u a r r y  
f a c e s ,  t h i c k e r  u n i t s  b e i n g  s e e n  i n  f a c e  A^ o n l y .
Many m odes  o f  o r i g i n  a r e  s u s p e c t e d  f o r  t h e  o r i g i n  
o f  p a r a l l e l  l a m i n a t i o n s  (C o lem an  a n d  G a g l i a n o ,  1 9 6 5 ) .  S a n d -  
s i l t  u n i t s  s h o w i n g  a l t e r n a t e  l i g h t  a n d  d a r k  c o l o r e d  p a r a l l e l  
l a m i n a t i o n s  a r e  p r o d u c t s  o f  u p p e r  f l o w - r e g i m e  (Harms a n d  
F a h n e s t o c k ,  1 9 6 5 ) ,  w h i l e  l a m i n a t e d  s i l t y  c l a y  u n i t s  a r e  
g e n e r a l l y  c o n s i d e r e d  t o  b e  p r o d u c e d  f r o m  q u i e t  s e t t l i n g  
o f  s u s p e n d e d  l o a d .
MASSIVE:
No v i s i b l e  g e o m e t r i c  p a t t e r n  i s  e v i d e n t  i n  
m a s s i v e  u n i t s .  T h e y  v a r y  f r o m  t h i n  s a n d - s t r e a k s  t o  
s e d i m e n t a t i o n  u n i t s  a t t a i n i n g  t h i c k n e s s e s  o f  6 - 1 8  i n c h e s  
( P l a t e - l C ) . M a s s i v e  u n i t s  r a n g e  f r o m  a  f e w  i n c h e s  t o  a 
f ew  f e e t  i n  l a t e r a l  e x t e n t .
F r e q u e n c y  o f  o c c u r r e n c e  o f  m a s s i v e  u n i t s  i s  h i g h e r
i n  t h e  u p p e r  p a r t  o f  t h e  d e p o s i t .  U p p e r m o s t  u n i t s  a r e
p r o b a b l y  p r o d u c t s  o f  e x t e n s i v e  r o o t  b u r r o w i n g  i n  t h e  s o i l  
z o n e .  S y n g e n e t i c  m a s s i v e  u n i t s  a r e  f o r m e d  i n  t h e  u p p e r  
f l o w  r e g i m e  ( D o t t  a n d  H o w a rd ,  1 9 6 2 ) .
LENTICULAR LAMINATIONS
T h i n ,  l e n s - s h a p e d ,  s a n d  o r  s i l t  u n i t s  a r e  com m only
c a l l e d  l e n t i c u l a r  l a m i n a t i o n s .  T h e s e  l a m i n a t i o n s  r e d u c e
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t o  z e r o  t h i c k n e s s  a t  b o t h  e n d s  ( P o t t e r  a n d  G l a s s ,  1 9 5 8 ;  
S h e p a r d  a n d  M o o re ,  1 9 5 5 ;  Van S t r a a t e n ,  1 9 51 ;  Bouma,  1 9 6 2 ;  
C o le m a n  a n d  G a g l i a n o ,  1 9 6 5 ) .  T h e s e  l e n s e s  r e p r e s e n t  
b u r i e d  c u r r e n t  r i p p l e s  i n  a  c l a y  m a s s .  Maximum e x t e n t  
o f  t h e s e  b u r i e d  r i p p l e s  i s  o b s e r v e d  t o  b e  5 i n c h e s  i n  
l e n g t h  a n d  3 i n c h e s  i n  h e i g h t .  As c o m p a r e d  t o  o t h e r  
m o r p h o t y p e s ,  t h i s  i s  n o t  a  v e r y  common f e a t u r e  a n d  h a s  
a  lo w  f r e q u e n c y  o f  o c c u r r e n c e  i n  a l l  t h e  q u a r r y  f a c e s .
A c c u m u l a t i o n  o f  s a n d  on  a  c l a y  s u r f a c e  b y  w ave  
a c t i o n ,  w h i c h  a c t s  i n  a  s i m i l a r  way a s  w i n n o w i n g  a c t i o n ,  
a n d  s u b s e q u e n t  b u r i a l  i n  a c l a y  m a s s ,  p r o b a b l y  p r o d u c e  
l e n t i c u l a r  l a m i n a t i o n s  (C o lem an  a n d  G a g l i a n o ,  1 965)  .
O t h e r  s t r u c t u r e s  o f  v e r y  lo w  f r e q u e n c y  o f  o c c u r ­
r e n c e  p r e s e n t  i n  t h e  q u a r r y ,  h a v e  n o t  b e e n  i n c l u d e d  i n  
t h e  p r e s e n t  a n a l y s i s .  T h e y  i n c l u d e  S c o u r  a n d  F i l l  s t r u c ­
t u r e  ( P l a t e  IVA, IVB) a n d  a  v a r i e t y  o f  b u r r o w s  a n d  l o a d  
c a s t  s t r u c t u r e s  ( P l a t e - V I A ) .
PLATE I
A . R i p p l e - d r i f t  l a m i n a t i o n  i n  l o n g i t u d i n a l  s e c t i o n  
( P a c e  A3 ) .
B. A p e e l  s h o w i n g  t r o u g h  c r o s s - s t r a t i f i c a t i o n  i n  l o n g i ­
t u d i n a l  s e c t i o n .  C u r r e n t  d i r e c t i o n  a s  shown b y  t h e  
p e e l  i s  f r o m  r i g h t  t o  l e f t .  Lower  l e f t  p a r t  sh o w s  
c o n v o l u t e  l a m i n a t i o n  t y p e  I I .  N o t e  t h e  p r e s e n c e  o f  
c l a y  c h i p s  i n  t h e  l o w e r  p a r t  o f  t h e  t r o u g h s  ( F a c e  A3 ) .
C .  M a s s i v e  s a n d  (11  i n c h e s )  w i t h  c l a y  b a l l s  s h o w i n g  
p a r a l l e l  l a m i n a t i o n ,  o v e r l a i n  b y  m a s s i v e  c l a y  a n d  
u n d e r l a i n  b y  t r o u g h  c r o s s - s t r a t i f i e d  f i n e  t o  v e r y -  
f i n e  s a n d  ( F a c e  A ^ ) .
D. R i p p l e - d r i f t  l a m i n a t i o n  i n  a  t r a n s v e r s e  s e c t i o n  
( F a c e  B ^ ) . C e n t r a l  p a r t  sh o w s  w avy  l a m i n a t i o n  
( m a rk e d  b y  WL). C u r r e n t  d i r e c t i o n  i s  p e r p e n d i ­
c u l a r  t o  t h e  p l a n e  o f  t h e  p a p e r .

PLATE II
A. T r o u g h  c r o s s - s t r a t i f i c a t i o n  i n  v e r y  f i n e  s a n d  i n  
l o n g i t u d i n a l  s e c t i o n  ( F a c e  A3 ) .  D a r k  o r g a n i c  
m a t t e r s  i n  t h e  t r o u g h s .  C u r r e n t  f r o m  l e f t  t o  r i g h t .
B. A l o n g i t u d i n a l  s e c t i o n  s h o w i n g  s t r a i g h t  r i p p l e  
d r i f t  l a m i n a t i o n  i n  v e r y  f i n e  s a n d .  C u r r e n t  f ro m  
l e f t  t o  r i g h t .
C .  A p e e l  t a k e n  f r o m  F a c e  A3 sh o w s  c o n v o l u t e  l a m i n a t i o n  
t y p e  I I  on t o p  o f  a  r i p p i e - d r i f t  l a m i n a t i o n  u n i t .
The l o w e r m o s t  p a r t  o f  t h e  p e e l  sh o w s  s a n d  s t r e a k  
w h i c h  p i n c h  o u t  t o w a r d s  r i g h t .

PLATE III
Convolute lamination (Type I). Note broad synclinal 
troughs and sharp (flame like) anticlinal crests.
This unit is underlain by a ripple drift unit. Peel 
taken from Face A^.
Similar convolute lamination as in Figure A. Note 
the truncational boundary of this unit with the 
trough cross-stratified unit on top (Face A^).
Convolute lamination (Type II) in silt unit. Note 
the sharp anticlinal crests and broad synclinal 
troughs, and inclination of the fold axes tovrards 
left. Probably the drag was from right. Upper 
surface of this unit is erosional and overlain by a 
sand streak with irregular lower surface. Uppermost 
unit is a trough cross-stratification unit (Face A2).

PLATE IV
A. Scour and fill structure in Face A^. Fill is hori­
zontally laminated. Some degree of loading is 
observed.
B. Scour and fill (?) structure. Fill is highly oxlu.zed
and rooted wavy laminated silt. Some degree of load­
ing is observed (Face A^).
C. Convolute lamination (Type I) in Face A4 * This unit
is underlain by ripple-drift lamination unit and 
overlain by cross-stratification unit. Upper surface 
of this unit is loaded.

PLATE V
A. Photographs of a strip in Face A4 .
B. A peel taken from longitudinal Face A4 showing 
convolute lamination Type-i. Upper part of this 
unit is highly burrowed.
C. Convolute lamination (Type-n) . Note the horizon­
tal axis of the recumbent fold. Excepting the 
lower part which shows parallel lamination the 
whole sequence shows a variety of ripple-drift 
lamination (Face A ) .
D. A peel showing ripple-drift lamination. Current 
direction as s.iown by the peel is from right to 
left. The ripple dimension increases upward in 
the sequence. The organic material is in a central 
zone of the lee side lamination. (Face B^, in a 
gulley.)

PLATE VI
A. S lum p s t r u c t u r e  i n  a  t r a n s v e r s e  s e c t i o n .  S lum p
d i r e c t i o n  a s  shown b y  t h e  p e e l  i s  t o v e r d s  l e f t .
CL: C o n v o l u t e  l a m i n a t i o n ,  M: M a s s i v e ,  ZMB:
Zone o f  mud b a l l s ,  T: T r o u g h  c r o s s - s t r a t i f i c a ­
t i o n  ( F a c e  A3 i n  a  g u l l e y ) .
B.  R i p p l e - d r i f t  l a m i n a t i o n  i n  a  p e e l  t a k e n  f r o m  a
l o n g i t u d i n a l  s e c t i o n  i n  F a c e  . N o te  t h e  z o n e
o f  o r g a n i c  m a t e r i a l  i n  t h e  c e n t r a l  p a r t  o f  l e e -  
s i d e  l a m i n a t i o n .  A r y t h m i c  v a r i a t i o n  o f  g r a i n  
s i z e  i n  t h e  l e e  s i d e  l a m i n a t i o n  i s  o b s e r v e d .  
C u r r e n t  d i r e c t i o n  a s  shown b y  t h e  p e e l  i s  f r o m  
r i g h t  t o  l e f t .  ( S e c t i o n  p e r p e n d i c u l a r  t o  F i g u r e  
D, P l a t e  I ) .

ANALYSES OF DATA
The s e d i m e n t a r y  s t r u c t u r e  m o r p h o t y p e s  o b s e r v e d  i n  
t h e  p o r t i o n  o f  t h e  p o i n t - b a r  u n d e r  i n v e s t i g a t i o n  a r e  s e e n  
t o  v a r y  s i g n i f i c a n t l y  i n  t h e i r  d i m e n s i o n s ,  g e o m e t r y ,  a n d  
p o s i t i o n  o f  o c c u r r e n c e  w i t h  r e s p e c t  t o  t h e  r i v e r .  F o r  
t h e  p u r p o s e  o f  s t a t i s t i c a l  a n a l y s i s  t h e  m o r p h o t y p e s  h a v e  
b e e n  c l a s s i f i e d  i n t o  t e n  s t r u c t u r e - t y p e s , w h i c h  h a v e  b e e n  
d e n o t e d  b y  n u m b e r s  ( 1 - 1 0 ) .  N a t u r e  o f  t h e s e  s t r u c t u r e -  
t y p e s  h a s  b e e n  e v a l u a t e d  i n  t h r e e  d i f f e r e n t  d i r e c t i o n s .  
L o n g i t u d i n a l  o r  p a r a l l e l  t o  t h e  c u r r e n t  d i r e c t i o n  ( p a r a l ­
l e l  t o  'A '  f a c e s ) ,  t r a n s v e r s e  o r  p e r p e n d i c u l a r  t o  t h e  
c u r r e n t  d i r e c t i o n  ( p a r a l l e l  t o  ' B '  f a c e s ) ,  a n d  v e r t i c a l .  
The f o l l o w i n g  h a v e  b e e n  c o n s i d e r e d  a n d  t e s t e d  s t a t i s -  
t  i c a l l y :
1) W h e t h e r  t h e  d e g r e e  o f  v a r i a b i l i t y  o f  t h e  s t r u c t u r e  
t y p e s  i s  t h e  same i n  a l l  t h r e e  d i r e c t i o n s ,
2) W h e t h e r  t h e r e  i s  a n y  z o n a t i o n  o f  t h e  m o r p h o t y p e s  
i n  a n y  o f  t h e s e  d i r e c t i o n s .
VARIABILITY OF STRUCTURE TYPES:
W i t h i n  a  f a c e ?
V a r i a b i l i t y  i s ,  b y  d e f i n i t i o n ,  a n  e s t i m a t e  o f  t h e  
d e v i a t i o n  f r o m  t h e  e x p e c t e d  v a l u e .  i n  t h e  p r e s e n t  
a n a l y s i s  a n  a t t e m p t  h a s  b e e n  made t o  d e t e r m i n e  t h e
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v a r i a b i l i t y  o f  s e d i m e n t a r y  s t r u c t u r e  g e o m e t r y  w h i c h  c a n n o t  
b e  m e a s u r e d  d i r e c t l y .  H e n c e ,  no  n u m e r i c a l  v a l u e  c a n  b e  
a s s i g n e d  t o  i t .  To o v e r c o m e  t h i s  p r o b l e m  i n  t h e  d e t e r ­
m i n a t i o n  o f  v a r i a b i l i t y ,  t h e  n u m b e r  o f  c h a n g e s  t h a t  
s t r u c t u r e - t y p e  s u i t e s  ( an y  c o m b i n a t i o n  o f  1- 1 0 ) h a v e  u n d e r ­
g o n e  i n  t h e i r  c o m b i n a t i o n s  b e t w e e n  o n e  o b s e r v a t i o n a l  u n i t  
a n d  t h e  s u c c e s s i v e  o n e  i n  a n y  p a r t i c u l a r  d i r e c t i o n  
( v e r t i c a l ,  h o r i z o n t a l - l o n g i t u d i n a l  o r  h o r i z o n t a l - t r a n s v e r s e )  
h a v e  b e e n  n o t e d  a n d  c o m p a r e d  w i t h  o n e  a n o t h e r .
Any a p p e a r a n c e  o r  d i s a p p e a r a n c e  o f  a s t r u c t u r e -  
t y p e  b e t w e e n  tw o  s u c c e s s i v e  o b s e r v a t i o n a l  u n i t s  c a n  b e  
c o n s i d e r e d  a  c h a n g e .  T a b l e  i l l  i l l u s t r a t e s  t h e  m e th o d  o f  
c o u n t i n g  t h e  n u m b e r  o f  c h a n g e s  w i t h i n  a  row  ( r o w - 1  o f  F a c e  
A ^ ) . When t h e  s t r u c t u r e s  a r e  m o s t  v a r i a b l e ,  a c h a n g e  w o u l d  
b e  e x p e c t e d  b e t w e e n  e a c h  a n d  e v e r y  o b s e r v a t i o n a l  u n i t ,  a s  
a p p e a r a n c e  a n d / o r  d i s a p p e a r a n c e  o f  d i f f e r e n t  s t r u c t u r e  t y p e s  
w o u l d  o c c u r  i n  e v e r y  o b s e r v a t i o n a l  u n i t .  H o w e v e r ,  i n  t h e  
c a s e  o f  no v a r i a b i l i t y  ( e . g . ,  a  b e d  o r  a  s e t  o f  b e d s  w i t h  
u n i f o r m  d i s t r i b u t i o n  o f  a  p a r t i c u l a r  s t r u c t u r e  t y p e ) , no 
c h a n g e  w o u l d  o c c u r  b e t w e e n  o b s e r v a t i o n a l  u n i t s .
T a b l e s  IV a n d  V t a b u l a t e  t h e  t o t a l  n u m b e r  o f  c h a n g e s  
i n  s t r u c t u r e  s u i t e s  t h a t  o c c u r  b e t w e e n  o b s e r v a t i o n a l  u n i t s  
b y  s t r i p s  a n d  r o w s ,  r e s p e c t i v e l y ,  f o r  a l l  t h e  v e r t i c a l  
f a c e s  s t u d i e d .  T h i s  l e a d s  t o  t h e  o b v i o u s  c o n c l u s i o n  t h a t  
t h e  s t r u c t u r e  t y p e s  a r e  h i g h l y  v a r i a b l e  b o t h  i n  h o r i z o n ­
t a l  a n d  i n  v e r t i c a l  d i r e c t i o n s  i n  a l l  t h e  f a c e s  s t u d i e d .
TABLE - III
C o n c e p t  o f  n u m b e r  c h a n g e s  b e t w e e n  o b s e r v a t i o n a l  u n i t s .
N um bers  ( 1 - 1 0 )  i n  t h e  ' o b s e r v a t i o n '  c o lu m n  r e p r e s e n t  
s t r u c t u r e  t y p e s .  Any a p p e a r a n c e  o r  d i s a p p e a r a n c e  o f  a  
s t r u c t u r e  t y p e  b e t w e e n  tw o  s u c c e s s i v e  o b s e r v a t i o n a l  
u n i t s  c a n  b e  c o n s i d e r e d  a s  a c h a n g e .
5TRIP NO. OBSERVATIONS COUNT NATURE OF CHANGE
2 4 , 9
C h a n g e  
C h a n g e  
C h a n g e  
C h a n g e  
C h a n g e  
C h a n g e  
C h a n g e  
C h a n g e  
C h a n g e  
C h a n g e  
No C h a n g e  
No C h a n g e
3 4 , 6 A p p e a r a n c e  o f  6 D i s a p p e a r a n c e  o f  9
4 3 , 4 , 9 , 7 A p p e a r a n c e  o f  9 , 3 , 7  D i s a p p e a r a n c e  o f  6
5 4 , 9 , 7 A p p e a r a n c e  o f  5D i s a p p e a r a n c e  o f  3 , 7
6 5 , 9 A p p e a r a n c e  o f  n o n e  D i s a p p e a r a n c e  o f  4
7 3 , 4 A p p e a r a n c e  o f  3 , 4  D i s a p p e a r a n c e  o f  5 , 9
8 3 , 5 A p p e a r a n c e  o f  5 D i s a p p e a r a n c e  o f  4
9 5 , 6 A p p e a r a n c e  o f  6 D i s a p p e a r a n c e  o f  3
10 6 , 7 , 3 A p p e a r a n c e  o f  7 , 3  D i s a p p e a r a n c e  o f  5 _
11 5 , 7 , 9 A p p e a r a n c e  o f  5 , 9  D i s a p p e a r a n c e  o f  3 , 6
12 9 No a p p e a r a n c e  D i s a p p e a r a n c e  o f  5 , 7
13 9 No a p p e a r a n c e  o r  d i s ­a p p e a r a n c e  o f  S t r s .
14 9 No a p p e a r a n c e  o r  d i s ­a p p e a r a n c e  o f  S t r s .
T o t a l  c h a n g e s  = 10
Maximum c h a n g e s  p o s s i b l e  = 12
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TABLE - IV
Number o f  c h a n g e s  b e t w e e n  o b s e r v a t i o n a l  u n i t s  i n  a  s t r i p .
FACES
S t r i p s T o t a l  n um ber  
o f  o b s e r v a ­
t i o n a l  u n i t s /  
s t r i p
Maximum
c h a n g e s
p o s s i b l e1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
\ 5 5 5 5 5 5 5 5 5 5 5 5
5 6 5
a 2 7 7 7 8 6 9 8
A3 6 6 6 5 6 6 6 5 6 6 6 5 6 6 6 6 5 6 6 5 6 6 7 6
a 4 7 6 7 7 7 7 8 7
A5 6 7 5 5 6 7 6 7 6 8 7
B l 8 9 5 8 8 11 10
b 2 7 7 7 7 7 7 6 6 8 7
B5 6 5 6 6 6 6 6 6 6 5 7 6
F i g u r e s  i n  t h e  t a b l e  i n d i c a t e  t h e  n u m b er  o f  c h a n g e s  t h a t  t h e  s t r u c t u r e  
t y p e  s u i t e s  h a v e  u n d e r g o n e  b e t w e e n  o b s e r v a t i o n a l  u n i t s  ( p r o d u c e d  b y  
t h e  i n t e r s e c t i o n s  o f  a  s t r i p  w i t h  d i f f e r e n t  r o w s ) .  A ^ , A2 . . . e t c .  r e f e r s  
t o  q u a r r y  f a c e s  ( F i g .  I B ) .
TABLE - V
Number o f  c h a n g e s  b e t w e e n  o b s e r v a t i o n a l  u n i t s  i n  a  r o w .
F a c e s
ROWS T o t a l  n um ber  o f  o b s e r v a ­
t i o n a l  u n i t s / r o w
Maximum
c h a n g e s
p o s s i b l e1 2 3 4 5 6 7 8 9 10 11
A 1 10 11 11 12 12 12 13 12
A2 3 4 2 3 2 4 4 3 2 5 4
A3 17 18 13 20 19 21 19 22 21
A4 3 4 5 4 5 4 4 4 6 5
A5 4 8 6 8 7 7 5 2 9 8
B1 4 4 4 4 0 2 3 2 2 2 0 5 4
b 2 7 7 6 4 6 6 6 4 8 7
B5 9 8 7 9 7 7 7 10 9
F i g u r e s  i n  t h e  t a b l e  i n d i c a t e  n u m b er  o f  c h a n g e s  t h a t  t h e  s t r u c t u r e  t y p e  s u i t e s  
h a v e  u n d e r g o n e  b e t w e e n  o b s e r v a t i o n a l  u n i t s  ( p r o d u c e d  b y  t h e  i n t e r s e c t i o n s  o f  a  
r o w  w i t h  d i f f e r e n t  s t r i p s ) .
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The d a t a  i n  T a b l e - i v  c a n  b e  u s e d  t o  t e s t  t h e  d e g r e e  
o f  v a r i a b i l i t y  i n  t h e  h o r i z o n t a l  d i r e c t i o n , w h i l e  T a b l e - V  
r e f l e c t s  v a r i a b i l i t y  i n  t h e  v e r t i c a l  d i r e c t i o n .  A c h i -  
s q u a r e  a n a l y s i s  h a s  b e e n  u s e d  t o  d e t e r m i n e  i f  t h e r e  i s  
a n y  s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  n u m b e r  o f  c h a n g e s  
o b s e r v e d  i n  r o w s  o r  i n  s t r i p s .  T a b l e - V I  s u m m a r i z e s  t h e  
c h i - s q u a r e  v a l u e s  a n d  t h e  d e g r e e s  o f  f r e e d o m  a s s o c i a t e d  
w i t h  th e m  f o r  d i f f e r e n t  f a c e s .
No s i g n i f i c a n t  c h i - s q u a r e  v a l u e  h a s  b e e n  o b t a i n e d  
f o r  a n y  o f  t h e  f a c e s  e i t h e r  i n  t h e  h o r i z o n t a l  o r  v e r t i c a l  
d i r e c t i o n ,  i n d i c a t i n g  t h a t  t h e  d e g r e e  o f  v a r i a b i l i t y  o f  
t h e  t e n  s t r u c t u r e  t y p e s  w i t h i n  a  f a c e  i s  c o m p a r a b l e  b o t h  
i n  h o r i z o n t a l  a n d  v e r t i c a l  d i r e c t i o n s  o v e r  a l l  f a c e s .  
B e t w e e n  f a c e s :
To c o m p a r e  t h e  d e g r e e  o f  v a r i a b i l i t y  b e t w e e n  
d i f f e r e n t  f a c e s ,  t h e  d a t a  h a v e  b e e n  t r e a t e d  i n  t h e  same 
way a s  b e f o r e .  H e r e ,  t h e  n u m b e r  o f  c h a n g e s  t h a t  s t r u c t u r e  
s u i t e s  h a v e  u n d e r g o n e  i n  a  p a r t i c u l a r  ro w  h a s  b e e n  com­
p a r e d  w i t h  t h a t  o f  o t h e r  f a c e s  ( e . g . ,  n u m b e r  o f  c h a n g e s  
i n  r o w - 1  o v e r  a l l  t h e  f a c e s  c o m p a r e d ) .
As t h e  n u m b e r  o f  s t r i p s  i s  n o t  e q u a l  i n  a l l  t h e  
f a c e s ,  t h e  d a t a  h a v e  b e e n  w e i g h t e d  t o  a d j u s t  f o r  u n e q u a l  
nu m b e r  o f  s t r i p s  f o r  a  f a c e .  T a b l e - V I I  g i v e s  t h e  a d j u s t e d  
n u m b e r  o f  c h a n g e s  f o r  d i f f e r e n t  r o w s  o v e r  d i f f e r e n t  f a c e s  
a n d  t h e  m u l t i p l i e r s  u s e d .
To c o m p a r e  t h e  d e g r e e  o f  v a r i a b i l i t y  among f a c e s ,
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i t  i s  n e c e s s a r y  t o  g r o u p  t h e  f a c e s  i n t o  tw o  c a t e g o r i e s  
a c c o r d i n g  t o  t h e i r  o r i e n t a t i o n  w i t h  r e s p e c t  t o  t h e  f l o w  
d i r e c t i o n .  T h i s  g r o u p i n g  w o u l d  m i n i m i z e  t h e  e f f e c t  o f  
o r i e n t a t i o n  i n  v a r i a b i l i t y  c o m p a r i s o n .  A c h i - s q u a r e  
a n a l y s i s  h a s  a g a i n  b e e n  u s e d .  R e s u l t s  o f  t h e  a n a l y s e s  
f o r  l o n g i t u d i n a l  a n d  t r a n s v e r s e  f a c e s  h a v e  b e e n  t a b u l a t e d  
i n  t a b l e s  V I I I  a n d  IX r e s p e c t i v e l y .
The n o n - s i g n i f i c a n t  c h i - s q u a r e  v a l u e s  o f  T a b l e  
V I I  show  t h a t  t h e  d e g r e e  o f  v a r i a b i l i t y  a t  d i f f e r e n t  
d e p t h s  i s  t h e  same i n  t h e  l o n g i t u d i n a l  d i r e c t i o n .  The 
same c o n c l u s i o n  a p p l i e s  t o  t h e  t r a n s v e r s e  d i r e c t i o n  
( T a b i e - i x ) , e x c e p t  f o r  a  h i g h l y  s i g n i f i c a n t  c h i - s q u a r e  
v a l u e  f o r  t h e  5 t h  ro w  ( 3 0 " ) .  F rom  T a b l e - i v  i t  c a n  b e  
s e e n  t h a t  t h e  p r e s e n c e  o f  a  v i r t u a l l y  u n d i s t u r b e d  b e d ,  
c h a r a c t e r i z e d  b y  r i p p l e  d r i f t  l a m i n a t i o n  a n d  s h o w i n g  no  
c h a n g e s ,  c o n t r i b u t e s  t o  t h e  h i g h l y  s i g n i f i c a n t  c h i - s q u a r e  
v a l u e  f o r  t h e  5 t h  r o w .
I n  g e n e r a l ,  i t  c a n  b e  c o n c l u d e d  f r o m  t h e s e  a n a l y s e s  
t h a t  t h e  d e g r e e  o f  v a r i a b i l i t y  o f  t h e  s t r u c t u r e  t y p e s  i s  
i n d e p e n d e n t  o f  t h e i r  p o s i t i o n  w i t h  r e s p e c t  t o  t h e  r i v e r .
FREQUENCY ANALYSIS:
A q u a n t i t a t i v e  a p p r o a c h  s e e m s  t o  b e  m o s t  e f f e c t i v e  
i n  d e t e r m i n i n g  a n y  s e q u e n c e  o f  s t r u c t u r e s  i n  s u c h  a  h i g h l y  
v a r i a b l e  a r e a .  To d e t e r m i n e  i f  t h e r e  i s  a n y  e f f e c t i v e  
z o n a t i o n  o f  m o r p h o t y p e s  i n  d i f f e r e n t  f a c e s ,  t h e  f r e q u e n c y
TABLE - VI
C o m p a r i s o n  o f  d e g r e e  o f  v a r i a b i l i t y  o f  s t r u c t u r t  
t y p e s  w i t h i n  a  f a c e .
F a c e s
V e r t i c a l  ( b e t w e e n  r o w s ) H o r i z o n t a l b e t w e e n  s t r i p s ) ^
D e g r e e s  o f  
f r e e d o m
C h i - s q u a r e  
va  l u e
D e g r e e s  o f  
f r e e d o m
Ch i - s q u a r e  
va  l u e
A1 5 2 . 1 1 2 12 1 . 5 9 6
A2 a 2 . 8 5 7 4 0 . 2 8 6
a 3 6 2 . 5 9 2 21 0 . 6 7 0
A4 7 0 . 6 9 0 5 0 . 1 2 2
A5 7 5 . 2 5 5 8 0 . 7 9 9
B1 10 9 . 2 5 9 4 1 . 2 1 0
B2 7 1 . 6 5 4 7 0 . 2 2 0
B5 6 0 . 7 0 3 9 0 . 2 3 6
TABLE -  V I I
W e i g h t e d  n u m b e r  o f  c h a n g e s  b e t w e e n  o b s e r v a t i o n a l  u n i t s
i n  t h e  r o w s .
F a c e s Rows M u l t i p l i e r6 " 12 1 I S ­ 2 4 " 3 0 " 36 " 4 2 "
A1 1 6 . 9 1 8 . 5 9 I S .  59 2 0 . 2 8 2 0 . 2 8 2 0 . 2 8 1 . 6 9
*2 1 3 . 2 1 7 . 6 8 . 8 1 3 . 2 8 . 8 1 7 . 6 1 7 . 6 4 . 4
*3 1 7 . 0 1 8 . 0 1 3 . 0 2 0 . 0 1 9 . 0 2 1 . 0 1 9 . 0 1 . 0
a 4 1 1 . 0 1 4 . 6 8 1 8 . 3 5 1 4 . 6 8 1 8 . 3 5 1 4 . 6 8 1 4 . 6 8 3 . 6 7
a 5 9 . 6 1 9 . 2 1 4 . 4 1 9 . 2 1 6 . 8 1 6 . 8 1 2 . 0 2 . 4 4
B1 1 7 .6 1 7 . 6 1 7 . 6 1 7 . 6 0 . 0 8 . 8 1 3 . 2 4 . 4
B2 19 .25 1 9 . 2 5 1 6 . 5 1 1 . 0 1 6 . 5 1 6 . 5 1 6 . 5 2 . 7 5
b 5 1 9 . 8 1 7 . 6 1 5 . 4 1 9 . 8 1 5 . 4 1 5 . 4 1 5 . 4 2 . 2
W e i g h t e d  n u m b e r  o f  c h a n g e s  »  o b s e r v e d  n u m b e r  o f  c h a n g e s  
x M u l t i p l i e r .
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TABLE - VIII
C o m p a r i s o n  o f  d e g r e e  o f  v a r i a b i l i t y  
o f  s t r u c t u r e  t y p e s  i n  a  ro w :  b e t w e e n
l o n g i t u d i n a l  f a c e s .
ROWS
L o n g i t u d i n a l  f a c e s
D e g r e e s  o f  
f r e e d o m
C h i - s q u a r e  
va  l u e
6" 4 3 . 3 4 6
12" 4 0 . 6  58
18 " 4 4 . 5 2
24" 4 4 . 9 1
30" 4 4 . 9 9
36 " 4 1 . 4 8
42" 3 1 . 8 4
**P . 0 1
TABLE - IX
C o m p a r i s o n  o f  d e g r e e  o f  v a r i a b i l i t y  
o f  s t r u c t u r e  t y p e s  i n  a  ro w :  b e t w e e n  
t r a n s v e r s e  f a c e s .
1
ROWS
T r a n s v e r s e  f a c e s
D e g r e e s  o f  
f r e e d o m
C h i - s q u a r e
v a l u e
6 " 2 0 . 1 3 8
12" 2 0 . 0 3 9
18" 2 0 . 1 4 6
24 " 2 2 . 5 9
30" 2 1 6 . 0 1 * *
36 " 2 2 . 5 6
42" 2 0 . 3 7
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o f  o c c u r r e n c e  o f  t h e  m o r p h o t y p e s  h a s  b e e n  t e s t e d  w i t h  t h e  
a n a l y s i s  o f  v a r i a n c e .  The z o n a t i o n  o f  t h e  m o r p h o t y p e s  
b e t w e e n  d i f f e r e n t  f a c e s  h a s  b e e n  t e s t e d  w i t h  c h i - s q u a r e  
a n a l y s i s .
Z o n a t i o n  w i t h i n  a  f a c e :
The p r e s e n c e  o r  a b s e n c e  (1 o r  0) o f  a  p a r t i c u l a r
m o r p h o t y p e  o v e r  a  s p e c i f i c  f a c e  h a s  b e e n  c l a s s i f i e d
a c c o r d i n g  t o  tw o  c r i t e r i a :  b y  s t r i p s  ( t r e a t m e n t )  a n d  b y
ro w s  ( r e p l i c a t i o n s )  ( S n e d e c o r  a n d  C o c h r a n ,  1 9 6 8 ) .  The 
o c c u r r e n c e  o f  a  s p e c i f i c  m o r p h o t y p e  i s  t h e n  e v a l u a t e d  
w i t h  a n  a n a l y s i s  o f  v a r i a n c e ,  among s t r i p s  a n d  r o w s .  The 
n u l l  h y p o t h e s e s  i n  t h i s  c a s e  a r e ,
1) HQ : yK . 1 = /< . 2   ------------------ ---  . n ( I n  c a s e  o f  r o w s )
2 ) hq : / l .  = /* 2 .    = / * k .  ( I n  c a s e  o f
s t r i p s )
R e j e c t i o n  o f  h y p o t h e s i s  1 i n d i c a t e s  a  z o n a l  c o n ­
c e n t r a t i o n  o f  t h e  m o r p h o t y p e s  i n  t h e  v e r t i c a l  d i r e c t i o n  
w h i l e  r e j e c t i o n  o f  h y p o t h e s i s  2 w i l l  i n d i c a t e  t h e  same i n  
t h e  l o n g i t u d i n a l  d i r e c t i o n .
T a b l e - X  g i v e s  t h e  d e g r e e s  o f  f r e e d o m  a n d  t h e  ' F '  
v a l u e s  c o r r e s p o n d i n g  t o  e a c h  m o r p h o t y p e  o v e r  d i f f e r e n t  
f a c e s  ( f o r  d e t a i l s  o f  d i s t r i b u t i o n  t a b l e s  s e e  A p p e n d i x ) .
I t  i s  s e e n  f r o m  t h i s  t a b l e  t h a t  t h e  n u l l  h y p o t h e s i s  h a s  
b e e n  r e j e c t e d  i n  m o s t  c a s e s  f o r  t h e  r o w s .  F o r  s t r i p s ,  how­
e v e r ,  t h e  n u l l  h y p o t h e s i s  h a s  b e e n  a c c e p t e d  f o r  a l l  b u t  
m a s s i v e  s t r u c t u r e  ( s t r u c t u r e  t y p e  4 )  a n d  r i p p l e  d r i f t
TABLE - X
T e s t  f o r  t h e  z o n a t i o n  o f  s e d i m e n t a r y  s t r u c t u r e  m o r p h o t y p e s  w i t h i n  a 
f a c e ,  i n  v e r t i c a l  d i r e c t i o n  a n d  h o r i z o n t a l - l o n g i t u d i n a l  d i r e c t i o n .
V e r t i c a l
Ato
F a c e s D e g r e e s  o f  
f r e e d o m
T r o u g h  c r o s s  
s t r a t i f i c a t i o n  
(ST-1& 2)
P a r a l l e l
l a m i n a t i o n
(S T -3 )
M a s s i v e
(S T -4 )
D e f o r m a t i o n a l  
(ST-5  #6& 7)
R i p p l e  d r i f t  
l a m i n a t i o n  
(S T-9 )
A1 5&60 I 3 . 1 8 * 2 . 1 5 0 . 5 0 6 0 . 9 1
A2 8&32 8 . 4 7 * * I 1 5 . 9 4 * * 2 . 2 5 * 2 3 . 8 * *
A3 6&126 1 7 . 7 0 * * I 2 5 . 3 5 * * 3 . 6 7 * * 2 0 . 6 4 * *
A4 7&35 6 . 6 4 * * I 2 . 0 2 1 . 5 4 1 4 . 8 4 * *
a 5 7&56 4 . 2 9 * * I 7 . 1 9 * * 4 . 3 9 * * 9 . 8 3 * *
Hor L z o n t a l - l o n g i t u d i n a l  d i r e c t i o n
A1 12&60 I 1 . 3 0 1 . 7 0 0 . 4 3 7 1 . 2 1
a 2 4&32 0 . 5 5 I 2 . 9 7 * 0 . 0 0 0 . 0 0
A3 21&126 0 . 1 9 I 1 . 2 0 1 . 6 0 1 . 7 3 *
a 4 5&35 0 . 2 5 I 1 . 3 5 0 . 7 7 1 . 8 7
A5 8&56 1 . 7 9 I 1 . 8 1 0 . 3 7 1 . 9 5
F i g u r e s  i n  t h e  t a b l e  a r e  ' F '  v a l u e s .  ' S T '  d e n o t e s  s t r u c t u r e  t y p e s .  
' I *  d e n o t e s  i n s i g n i f i c a n t  f r e q u e n c y  o f  o c c u r r e n c e  o f  t h e  m o rp h o ­
t y p e .
** P <. . 0 1  
* P < . 0 5
l a m i n a t i o n s  ( s t r u c t u r e  t y p e  8 & 9 ) .  F o r  t h e s e  m o r p h o ­
t y p e s ,  t h e  a l t e r n a t e  h y p o t h e s i s  h a s  b e e n  a c c e p t e d  (P <£..05).  
As s e e n  f r o m  t h e  o b s e r v a t i o n a l  d a t a ,  p o s t  d e p o s i t i o n a l  
m o d i f i c a t i o n  o f  r i p p l e  d r i f t  l a m i n a t i o n  p r o b a b l y  p r o d u c e d  
t h e  a p p a r e n t  z o n a t i o n  o f  t h i s  m o r p h o t y p e  i n  F a c e  A3 . T h i s  
l e a d s  t o  t h e  c o n c l u s i o n  t h a t  t h e  m o r p h o t y p e s  a r e  z o n e d  i n  
v e r t i c a l  d i r e c t i o n  b u t  n o t  i n  l o n g i t u d i n a l  d i r e c t i o n .  Con­
t r a d i c t i o n  t o  t h e  a b o v e  s t a t e m e n t  com es  f ro m  t h e  d e f o r m a -  
t i o n a l  s t r u c t u r e s  ( s t r u c t u r e  t y p e s  5 ,  6 a n d  7) i n  F a c e s  
A^ a n d  A4 a n d  r i p p l e  d r i f t  l a m i n a t i o n s  i n  F a c e  A^ w h i c h  
sh o w s  n o  v e r t i c a l  z o n a t i o n .  T h e s e  m o r p h o t y p e s  o c c u r  a t  
r a n d o m  o v e r  t h e  m e n t i o n e d  f a c e s .  H o w e v e r ,  o n e  f e a t u r e  o f  
f r e q u e n c y  d i s t r i b u t i o n  i s  v e r y  p r o m i n e n t .  I n  F a c e  A]  ^
w h i c h  i s  n e a r e s t  t o  t h e  r i v e r ,  o n l y  p a r a l l e l  l a m i n a t i o n  
sh o w s  v e r t i c a l  z o n a t i o n ,  w h i l e  i n  F a c e  A ^ , f u r t h e s t  f r o m  
t h e  r i v e r ,  a i l  t h e  m o r p h o t y p e s  show  a  v e r t i c a l  z o n a t i o n .  
S i g n i f i c a n c e  o f  t h e s e  v a r i a t i o n s  a n d  t h e  p r o c e s s e s  r e s p o n s i  
b l e  f o r  t h e m  w i l l  b e  d i s c u s s e d  i n  a  l a t e r  c h a p t e r .  
C o m p a r i s o n  o f  m o r p h o t y p e  c o n c e n t r a t i o n  b e t w e e n  f a c e s ;
P r e v i o u s  a n a l y s e s  l e d  t o  t h e  c o n c l u s i o n  t h a t  i n  a l l  
b u t  o n e  f a c e  t h e r e  i s  a  v e r t i c a l  z o n a t i o n  o f  p r e d o m i n a n t  
m o r p h o t y p e s  b u t  n o  l o n g i t u d i n a l  z o n a t i o n .  No i n f o r m a t i o n  
a b o u t  t h e  z o n a t i o n  i n  t h e  t r a n s v e r s e  d i r e c t i o n  w a s  o b t a i n e d  
A c o m p a r i s o n  o f  t h e  f r e q u e n c y  d i s t r i b u t i o n  o f  t h e  m o r p h o ­
t y p e s  b e t w e e n  t h e  l o n g i t u d i n a l  f a c e s  p r o v i d e s  some i n f o r m a ­
t i o n  a b o u t  t h e  t r a n s v e r s e  d i s t r i b u t i o n .
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The n u m b e r  o f  t i m e s  t h e  s t r u c t u r e s  h a v e  o c c u r r e d
i n  a  l o n g i t u d i n a l  f a c e  h a s  b e e n  c o m p a r e d  w i t h  t h o s e  o f
o t h e r  l o n g i t u d i n a l  f a c e s ,  u s i n g  c h i - s q u a r e  a n a l y s i s .
T a b l e  X I  g i v e s  t h e  n u m b er  o f  o c c u r r e n c e s  o f  m o r p h o t y p e s ,
t h e i r  e x p e c t e d  o c c u r r e n c e ,  a n d  c h i - s q u a r e  v a l u e s  f o r  e a c h
c e l l .  C a l c u l a t i o n s  i n c l u d e :
v 2 6 5 ( 0 L i -E  ) 2
X = 2 2 J ij
i = l  j  = l  ---------------- w i t h  5 x 4 = 2 0  d e g r e e s  o f
~ f r e e d o m
i  j
( R i )  ( S i )  
a n d  E i j  =___ 1 J
GT
t h  t hW here  = e x p e c t e d  f r e q u e n c y  i n  t h e  i —  ro w  o f  j —  c o lu m n ;  
O f j  = o b s e r v e d  f r e q u e n c y  o f  o c c u r r e n c e  i n  t h e  i —  r o w  o f  
c o l u m n ;
= T o t a l  f r e q u e n c y  o f  o c c u r r e n c e  o f  a  m o r p h o t y p e  o v e r  
a l l  t h e  f a c e s ;
S j  = T o t a l  f r e q u e n c y  o f  o c c u r r e n c e  o f  a l l  t h e  m o r p h o t y p e s  
o v e r  a  p a r t i c u l a r  f a c e ;
GT = T o t a l  f r e q u e n c y  o f  o c c u r r e n c e  o f  a l l  t h e  m o r p h o t y p e s  
o v e r  a l l  t h e  f a c e s .
A h i g h l y  s i g n i f i c a n t  c h i - s q u a r e  v a l u e  i s  o b t a i n e d  
f r o m  T a b l e - x i  f o r  t h e  l o n g i t u d i n a l  f a c e s .  T h i s  l e a d s  t o  
t h e  a c c e p t a n c e  o f  t h e  a l t e r n a t e  h y p o t h e s i s  t h a t  t h e  d i s t r i b u ­
t i o n  o f  m o r p h o t y p e s  d i f f e r s  s i g n i f i c a n t l y  b e t w e e n  t h e  
l o n g i t u d i n a l  f a c e s .  A z o n a t i o n  o f  m o r p h o t y p e s  i n  t h e  
t r a n s v e r s e  d i r e c t i o n  i s  h e n c e  e s t a b l i s h e d .
TABLE - XI
T e s t  f o r  t h e  z o n a t i o n  o f  m o r p h o t y p e s  i n  h o r i z o n t a l -  
t r a n s v e r s e  d i r e c t i o n  ( b e t w e e n  f a c e s ) .
F a c e s
M o r p h o t y p e s
A1 A2 A3 A4 A5
Dbs E x p . C h i -
s q .
Obs E x p . C h i -  
s q .
Obs E x p . C h i -  
s q .
Obs E x p . C h i -  
s q .
Obs E x p . C h i -
s q .
T r o u g h  c r o s s -  
s t r a t i f i c a ­
t i o n 9 5 3 . 5 6 3 7 . 1 6 24 2 0 . 9 9 .4 3 97 7 3 . 8 6 7 . 2 5 27 2 5 . 6 6 .0 7 55 3 7 . 8 4 7 . 7 8
P a r a l l e l  lam ­
i n a t i o n 31 1 5 . 4 4 1 5 . 4 4 3 6 . 0 4 1 . 5 3 11 2 1 . 2 5 4 . 94 9 7 . 3 8 .3 5 7 1 0 . 8 9 1 . 3 9
M a s s i v e 42 4 2 . 7 7 . 0 1 19 1 6 . 7 3 .3 1 48 5 8 . 8 8 2 . 0 1 21 2 0 . 4 5 . 0 1 39 3 0 . 1 6 2 . 5 9
De f o r m a t  i o n -  
a l  s t r u c ­
t u r e s 54 4 3 . 9 0 2 . 3 2 15 1 6 . 8 3 . 2 0 54 5 9 . 2 3 .4 6 26 2 0 . 5 7 1 . 4 3 21 3 0 . 3 4 2 . 8 7
R i p p l e  d r i f t  
l a m i n a t i o n 57 4 1 . 2 5 6 . 0 1 20 1 6 . 1 4 .9 2 55 5 6 . 7 9 .06 13 1 9 . 7 3 2 . 2 9 18 2 9 . 0 9 4 . 2 3
L e n t i c u l a r
l a m i n a t i o n 14 1 0 . 8 8 . 8 9 0 4 . 2 6 4 . 2 6 20 1 4 . 9 8 1 . 6 8 3 5 . 2 0 .9 3 6 7 . 6 7 .3 6
T o t a l  c h i - s q u a r e  '=* L1CK48** w i t h  20 d e g r e e s  o f  f r e e d o m .
* * P  < . 0 1
V a l u e s  i n  t h e  t a b l e  i n d i c a t e  o b s e r v e d  f r e q u e n c y  o f  o c c u r r e n c e ,  e x p e c t e d  f r e q u e n c y  o f  
o c c u r r e n c e ,  a n d  c h i - s q u a r e  v a l u e  a s s o c i a t e d  w i t h  a  m o r p h o t y p e  i n  d i f f e r e n c e  l o n g i t u d i ­
n a l  f a c e s .
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I t  i s  a p p a r e n t  f r o m  t a b l e s -  x  a n d  X I  t h a t  F a c e  A^ 
i s  u n i q u e l y  d i f f e r e n t  f r o m  o t h e r  f a c e s  i n  i t s  s t r u c t u r a l  
c h a r a c t e r i s t i c s .  i t  h a s  a  l o w e r  f r e q u e n c y  o f  o c c u r r e n c e  
o f  t r o u g h  c r o s s - s t r a t i f i c a t i o n  a n d  t h e r e  i s  n o  e f f e c t i v e  
v e r t i c a l  z o n a t i o n  o f  s t r u c t u r e  m o r p h o t y p e s .  S o ,  u s i n g  
s e d i m e n t a r y  s t r u c t u r e s  a s  a n  e n v i r o n m e n t a l  d e t e r m i n e n t ,  a  
d i f f e r e n t  d e p o s i t i o n a l  e n v i r o n m e n t  c a n  b e  a s s u m e d  f o r  F a c e
Al*
SUMMARY OF STATISTICAL ANALYSES:
I n  s u m m a r i z i n g  t h e  s t a t i s t i c a l  a n a l y s e s  o f  d a t a ,  
o n e  com es  t o  t h e  f o l l o w i n g  c o n c l u s i o n s :
1) The s t r u c t u r e  t y p e s  a r e  h i g h l y  v a r i a b l e  o v e r  
a l l  t h e  f a c e s  s t u d i e d  a n d  t h e  d e g r e e  o f  v a r i a b i l i t y  r e ­
m a i n s  u n c h a n g e d  i n  h o r i z o n t a l - l o n g i t u d i n a l ,  h o r i z o n t a l -  
t r a n s v e r s e  a n d  v e r t i c a l  d i r e c t i o n s .
2)  T h e r e  i s  a  v e r t i c a l  z o n a t i o n  o f  t h e  m o rp h o ­
t y p e s  i n  a l l  t h e  f a c e s  e x c e p t  i n  F a c e  A]_. Z o n a t i o n  o f  t h e  
m o r p h o t y p e s  i s  o b s e r v e d  i n  t h e  t r a n s v e r s e  d i r e c t i o n  b u t
n o  z o n a t i o n  i s  o b s e r v e d  i n  t h e  l o n g i t u d i n a l  d i r e c t i o n .
GENETIC INTERPRETATIONS
A v e r t i c a l  z o n a t i o n  o f  s e d i m e n t a r y  s t r u c t u r e s  h a s  
b e e n  r e c o g n i z e d  f ro m  t h e  s t a t i s t i c a l  a n a l y s e s  o f  o b s e r v a ­
t i o n a l  d a t a .  H y d r o d y n a m i c a l  p r o c e s s e s  r e s p o n s i b l e  f o r  t h e  
f o r m a t i o n  o f  e a c h  m o r p h o t y p e  h a v e  a l s o  b e e n  e s t a b l i s h e d  
f r o m  e x i s t i n g  l i t e r a t u r e .
U t i l i z i n g  s e d i m e n t  p r o p e r t i e s ,  g e o m e t r y  o f  t h e  
s t r u c t u r e s ,  a n d  t h e  p r o b a b l e  h y d r o d y n a m i c  c o n d i t i o n s  o f  
f o r m a t i o n  a n d  v e r t i c a l  c h a n g e  i n  s t r u c t u r e  s u i t e s ,  a n  
e v e n t ,  r e p r e s e n t e d  b y  a  s e q u e n c e  o f  s t r u c t u r e s ,  h a s  b e e n  
e s t a b l i s h e d  h e r e .  T h i s  e v e n t  h a s  b e e n  c o r r e l a t e d  w i t h  a  
f l o o d  c y c l e .  An a t t e m p t  h a s  a l s o  b e e n  made t o  e s t a b l i s h  
t h e  r e l a t i o n s h i p  b e t w e e n  t h e  n u m b e r  o f  f l o o d s ,  a s  d e t e r ­
m in e d  f ro m  t h e  f l o o d  r e c o r d s  o f  t h e  M i s s i s s i p p i  R i v e r ,  a n d  
t h e  p r e s e r v a t i o n  o f  v e r t i c a l  s e q u e n c e .
SEDIMENT ANALYSIS:
The o v e r b a n k  d e p o s i t s  o f  P l a q u e r o i n e  P o i n t  r a n g e  
f r o m  l o o s e l y  b o u n d  v e r y  f i n e - g r a i n e d  s a n d  t o  c l o s e l y  p a c k e d  
s i l t .  A m i n o r  a m o u n t  o f  s t i c k y  c l a y  i s  p r e s e n t  m a i n l y  a s  
c l a y  d r a p e s  o r  a s  s m a l l  l e n s e s  i n  e v e r y  s e d i m e n t a t i o n  u n i t .  
C l a y s ,  w hen  p r e s e n t  i n  c l a y - d r a p e e ,  a r e  h i g h l y  o x i d i z e d  a n d  
d i s p l a y  m u d c r a c k e d  s t r u c t u r e .  S e d i m e n t s  o f  t h e  q u a r r y  f a c e s  
A2 » A3 , a n d  A4  a r e ,  i n  g e n e r a l ,  l i g h t e r  a n d  l e s s  o x i d i z e d
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t h a n  t h o s e  o f  f a c e s  A^ a n d  A, . .
I n d i v i d u a l  m o r p h o g e n e t i c  u n i t s  a r e  m o s t l y  h o r i ­
z o n t a l  i n  t h e  l o n g i t u d i n a l  f a c e s  o f  t h e  q u a r r y  a n d  t h e y  
r a n g e  f r o m  a f r a c t i o n  o f  a n  i n c h  t o  a s  much a s  e i g h t e e n  t o  
t w e n t y  i n c h e s  i n  t h i c k n e s s .  S e d i m e n t a t i o n  u n i t s  o f  t h e  two 
m o s t  p r e d o m i n a n t  m o r p h o t y p e s ,  r i p p l e  d r i f t  l a m i n a t i o n  a n d  
t r o u g h  c r o s s - s t r a t i f i c a t i o n ,  a r e  on  t h e  a v e r a g e  more  t h a n
t w e l v e  i n c h e s  t h i c k .  T h e s e  tw o  u n i t s  r e p r e s e n t  t h e  two e n d
m em bers  o f  a  r e p e t i t i v e  c y c l e  i n  f a c e s  A2 , A3 , a n d  A^.
F o r  t h e  p u r p o s e  o f  t e s t i n g  t h e  i n f l u e n c e  o f  s e d i ­
m e n t  g r a i n - s i z e  on  t h e  q u a l i t a t i v e  p r o p e r t i e s  o f  t h e  
m o r p h o t y p e s ,  t e n  u n i t s  s h o w i n g  r i p p l e  d r i f t  l a m i n a t i o n s  
a n d  t r o u g h  c r o s s - s t r a t i f i c a t i o n s  w e r e  c h o s e n  a r b i t r a r i l y  
f r o m  f a c e s  A ^ , A3 , a n d  A4 . Two h o r i z o n t a l  c h a n n e l s  (4 
i n c h e s  l o n g ,  o n e  a n d  a h a l f  i n c h e s  w i d e  a n d  o n e  i n c h  d e e p ) ,
o n e  i n  t h e  c e n t r a l  p a r t  o f  r i p p l e  d r i f t  u n i t  a n d  t h e  o t h e r
i n  t r o u g h  c r o s s - s t r a t i f i e d  u n i t ,  w e r e  c u t  i n  e a c h  s p o t  a n d  
s a m p l e s  w e r e  c o l l e c t e d  f o r  m e c h a n i c a l  a n a l y s i s .  E a c h  p a i r  
o f  c h a n n e l s  w as  p l a c e d  i n  t h e  same v e r t i c a l  l i n e  ( i . e .  a 
p a i r  o f  s a m p l e s  w as  c o l l e c t e d  f r o m  a s t r i p ) . Ten s e d i m e n t  
s a m p l e s  f r o m  e a c h  m o r p h o t y p e ,  t h u s  c o l l e c t e d ,  w e r e  t r e a t e d  
w i t h  20% H2O.. f o r  tw o  d a y s  t o  r e m o v e  t h e i r  c o n t a i n e d  o r g a n i c  
m a t e r i a l .  S a m p l e s  w e r e  t h e n  d r i e d  a n d  s i e v e d  ( s i e v e s  w e r e  
c h o s e n  a t  . 2 5  *  i n t e r v a l ) .  S i l t  a n d  c l a y  f r a c t i o n  p a s s i n g  
t h r o u g h  200  mesh w as  a n a l y z e d  b y  p i p e t t e  m e t h o d .
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E n v e l o p e s  o f  t h e  c u m u l a t i v e  s i z e - f r e q u e n c y  c u r v e s  
o f  t h e  s e d i m e n t s  f r o m  r i p p l e  d r i f t  l a m i n a t i o n  a n d  t r o u g h  
c r o s s - s t r a t i f i c a t i o n  u n i t s  a r e  shown i n  F i g u r e  3 .  I t  i s  
s e e n  f r o m  t h i s  f i g u r e  t h a t  t h e  c u m u l a t i v e  c u r v e s  o f  t h e s e  
tw o  g r o u p s  o f  s a m p l e s  f a l l  i n t o  two o v e r l a p p i n g  z o n e s .  
H o w e v e r ,  i t  i s  e v i d e n t  f r o m  F i g u r e  3 t h a t  t h e  s e d i m e n t s  o f  
t r o u g h  c r o s s - s t r a t i f i c a t i o n  u n i t s  a r e  c o a r s e r  a n d  b e t t e r  
s o r t e d  t h a n  t h a t  o f  r i p p l e  d r i f t  l a m i n a t i o n  u n i t s .  B o th  
g r o u p s  o f  c u r v e s  show  a b r e a k  i n  s l o p e  i n  t h e  4 *  a n d  5$  
d i a m e t e r  r a n g e ,  a n d  s i m i l a r  s l o p e  i n  t h e  3<fr a n d  4 $  r a n g e .  
The s l o p e s  o f  t h e  c u r v e  s e g m e n t s  a n d  t h e  p o s i t i o n  o f  t h e  
i n f l e c t i o n  o f  a  c u m u l a t i v e  s i z e - f r e q u e n c y  c u r v e  c a n  b e  
r e l a t e d  t o  t h e  t r a n s p o r t  d y n a m i c s  ( V i s h e r ,  1 9 6 5 ,  1 9 6 9 ,  
1 9 7 1 ) .  H en ce  i t  i s  a p p a r e n t  t h a t  o v e r a l l  h y d r o d y n a m i c  
c o n d i t i o n s  o f  f o r m a t i o n  o f  t h e  two m o r p h o t y p e s  a r e  so m e ­
w h a t  s i m i l a r .
The s t a t i s t i c a l  p a r a m e t e r s  o f  t h e  f r e q u e n c y  d i s ­
t r i b u t i o n  h a v e  b e e n  d e t e r m i n e d  f ro m  F o l k ' s  ( 1 9 6 6 )  f o r m u l a .
A p l o t  o f  t h e  mean g r a i n  s i z e  (Mz) a g a i n s t  s o r t i n g  (&j)  
r e v e a l s  some f e a t u r e s  o f  i n t e r e s t  ( F i g .  4 ) .  two d i s t i n c t l y  
s e p a r a b l e  z o n e s  c o r r e s p o n d i n g  t o  t h e  s a m p l e s  t a k e n  f ro m  
t r o u g h  c r o s s - s t r a t i f i c a t i o n  a n d  r i p p l e  d r i f t  l a m i n a t i o n  
u n i t s  a r e  p r e s e n t  when p l o t t e d  a s  i n  F i g u r e  4 .  As shown 
b y  S p o l j a r i c  ( 1 9 7 1 ) ,  t h e  mean g r a i n  s i z e  a n d  s o r t i n g  o f  t h e  
s e d i m e n t s  a r e  c h a r a c t e r i s t i c  o f  a  m o r p h o t y p e .  H e n c e ,  i t  i s  
a p p a r e n t  t h a t  t h e  s e d i m e n t s  i n f l u e n c e  t h e  g e o m e t r y  o f  t h e
! H f1 i i
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Trough Cross-stratification  
Rippte-drift Lam/nation
Diammtmr in <P unit
F i g u r e  3 .  C u m u l a t i v e  s i z e  f r e q u e n c y  c u r v e s  ( c o m p o s i t e )  o f  
t w e n t y  s a m p l e s ,  t e n  f r o m  t r o u g h  c r o s s - s t r a t i f i e d  u n i t s  a n d  
t e n  f r o m  r i p p l e - d r i f t  l a m i n a t e d  u n i t .
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4.6
4.5
4.4
4.3
4.2
4.1
4.0
3 .9
3.8
3 .7
3 .6
3 .5
3 .4
Trough
Ripple drift
.305 .405 .505 .605 .705 .805 .905 1.005 1J05 1205 1305
Ox (* )
F i g u r e  4 . P l o t  o f  mean g r a i n - s i z e  (Mz ) a g a i n s t  
s o r t i n g  ( © v ) , s a m p l e s  f r o m  t r o u g h  c r o s s -  
s t r a t i f i c a r i o n  u n i t  shown b y  t r a i n g l e s .  
S a m p l e s  f r o m  r i p p l e  d r i f t  u n i t  shown b y  
s o l i d  c i r c l e s .
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m o r p h o t y p e .
ESTABLISHMENT OF GENETIC SEQUENCE OF MORPHOTYPES:
E x t r e m e  i r r e g u l a r i t y  i n  t h e  v e r t i c a l  a n d  l a t e r a l  
g e o m e t r y  o f  t h e  m o r p h o g e n e t i c  u n i t s  w h i c h  c o n t r i b u t e d  a 
h i g h  d e g r e e  o f  v a r i a b i l i t y  t o  t h e  m o r p h o t y p e s  a n d  r e n d e r  
v i s u a l  c o r r e l a t i o n  i m p o s s i b l e .  H o w e v e r ,  t o  i n t e r p r e t  t h e  
p r o c e s s e s  r e s p o n s i b l e  f o r  t h e  d e p o s i t i o n  o f  t h e  s e d i m e n t s ,  
a r e a s o n a b l y  a c c u r a t e  s e q u e n c e  o f  s t r u c t u r e s  c a n  b e  e s t a b ­
l i s h e d  f ro m  t h e  v o l u m e t r i c  t r e a t m e n t  o f  t h e  m o r p h o t y p e s .
F o r  t h e  p u r p o s e s  o f  q u a n t i t a t i v e  t r e a t m e n t ,  t h e  
t o t a l  n u m b er  o f  o c c u r r e n c e s  o f  a  s p e c i f i c  m o r p h o t y p e  i n  a  
p a r t i c u l a r  ro w  o f  a  f a c e  h a s  b e e n  e x p r e s s e d  a s  a  p e r c e n t a g e  
o f  t h e  t o t a l  n u m b e r  o f  o b s e r v a t i o n a l  u n i t s  i n  t h a t  r o w .
T h i s  p e r c e n t a g e  o f  o c c u r r e n c e  h a s  t h e n  b e e n  p l o t t e d  a g a i n s t  
d e p t h  ( F i g s .  5 - 9 ) .  I t  s h o u l d  b e  n o t e d  t h a t  t h e  t o t a l  
n u m b e r  o f  o c c u r r e n c e s  o f  t h e  s i x  m o r p h o t y p e s  c o m b i n e d  may 
e x c e e d  o n e  h u n d r e d  p e r  c e n t  i n  a n y  r o w ,  b e c a u s e  o f  t h e  
o c c u r r e n c e  o f  m ore  t h a n  a  s i n g l e  m o r p h o t y p e  i n  a n y  o b s e r v a ­
t i o n a l  u n i t .  A s m o o th  o n e  h u n d r e d  p e r c e n t  d i s t r i b u t i o n  
c u r v e  w o u l d  h a v e  b e e n  o b t a i n e d  i f  t h e  m o r p h o t y p e s  w e r e  n o t  
v a r i a b l e  i n  h o r i z o n t a l  d i r e c t i o n  a n d / o r  i f  d i m e n s i o n s  o f  
t h e  o b s e r v a t i o n a l  u n i t s  w e r e  i n f i n i t e s i m a l l y  s m a l l .
T hough  t h e  h i g h  d e g r e e  o f  v a r i a b i l i t y  o f  t h e  roor-  
p h o t y p e s  m ak es  t h e  d i s t r i b u t i o n  d i a g r a m  c o m p l i c a t e d ,  some 
g e n e r a l i z a t i o n s  r e g a r d i n g  t h e  s p a t i a l  r e l a t i o n  o f  t h e  m o r ­
p h o t y p e s  c a n  b e  made f ro m  t h e s e  d i a g r a m s  ( F i g s .  5 - 9 )  a n d  a
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v e r t i c a l  s e q u e n c e  o f  s t r u c t u r e s  c a n  b e  m o s t  c o n v e n i e n t l y  
w o r k e d  o u t .  M a s s i v e  s e d i m e n t s  a r e  m o s t  p r e d o m i n a n t  i n  t h e  
u p p e r m o s t  p a r t  o f  t h e  d e p o s i t  e x c e p t  i n  F a c e  ( F i g .  5) 
w h e r e  t h e y  o c c u r  p r e d o m i n a n t l y  i n  t h e  c e n t r a l  p a r t  o f  t h e  
d e p o s i t  ( a r o u n d  3 6 "  r o w ) .  O c c a s i o n a l  p r e s e n c e  o f  m a s s i v e  
s a n d  s t r e a k s  h a s  p r o d u c e d  a  s e c o n d a r y  maxima i n  t h e  7 t h  
ro w  ( 3 6 - 4 2  i n c h e s  f r o m  t h e  d a t u m )  o f  f a c e  A4  ( F i g .  8 ) a n d  
8 t h  a n d  9 t h  r o w s  ( 4 2 - 5 4  i n c h e s  f r o m  t h e  d a t u m )  o f  F a c e  A2 
( F i g .  6 ) .  The maxima o f  t r o u g h  c r o s s - s t r a t i f i c a t i o n  
c o r r e s p o n d s  t o  t h e  m in im a  o f  t h e  d i s t r i b u t i o n  c u r v e  o f  
r i p p l e  d r i f t  l a m i n a t i o n .  T h i s  c l e a r l y  p o i n t s  o u t  t h a t  t h e  
c o n d i t i o n s  o f  f o r m a t i o n  o f  t r o u g h  c r o s s - s t r a t i f i c a t i o n  w e r e  
n o t  s u i t a b l e  f o r  t h e  f o r m a t i o n  o f  r i p p l e  d r i f t  l a m i n a t i o n .  
The  maxima o f  d e f o r m a t i o n a l  s t r u c t u r e s  a r e  a s s o c i a t e d  w i t h  
t h e  maximum c o n c e n t r a t i o n  o f  r i p p l e  d r i f t  l a m i n a t i o n s .
E i t h e r  t h e  maximum c o n c e n t r a t i o n  o f  d e f o r m a t i o n a l  s t r u c ­
t u r e s  c o i n c i d e s  w i t h ,  ( F i g s .  6 , 9 )  o r  i s  j u s t  a b o v e ,  t h e  
maxima ( F i g s .  5 ,  7 ,  8 ) o f  r i p p l e  d r i f t  l a m i n a t i o n s .  The 
o n l y  e x c e p t i o n  c o m es  f r o m  F a c e  A^ w h e r e  t h e  maxima o f  
d e f o r m a t i o n a l  s t r u c t u r e s  c o r r e s p o n d  t o  t h e  maxima o f  t r o u g h  
c r o s s - s t r a t i f i c a t i o n s .  O c c u r r e n c e  o f  p a r a l l e l  l a m i n a t i o n s  
i n  s a n d  s i l t  u n i t s  i s  i n s i g n i f i c a n t  i n  m o s t  f a c e s  b u t  i t  
i s  s e e n  f ro m  o b s e r v a t i o n a l  d a t a  t h a t  i f  a n d  when i t  o c c u r s  
i t  o c c u p i e s  a p o s i t i o n  a b o v e  c o n v o l u t e  l a m i n a t e d  z o n e s .
I t  h a s  b e e n  s e e n  f r o m  a n  e a r l i e r  d i s c u s s i o n  o f  
p r o b a b l e  o r i g i n  o f  m o r p h o t y p e s  t h a t  t h e  v e l o c i t y  r e q u i r e m e n t
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F i g u r e 9 .  F r e q u e n c y  d i s t r i b u t i o n  o f  t h e  m o rp h o ­
t y p e s  i n  F a c e  A5 .
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f o r  t h e  f o r m a t i o n  o f  t r o u g h  c r o s s - s t r a t i f i c a t i o n  a n d  r i p p l e  
d r i f t  l a m i n a t i o n  i s  l o w e r  t h a n  t h a t  o f  p a r a l l e l  l a m i n a t i o n  
i n  s a n d  u n i t s .  M ost  o f  t h e  m a s s i v e  u n i t s  a r e  p r o d u c t s  o f  
p o s t - d e p o s i t i o n a l  p r o c e s s e s  a n d  o c c u p y  t h e  u p p e r - m o s t  p a r t  
o f  t h e  s e q u e n c e .  S y n g e n e t i c  m a s s i v e  u n i t s ,  b e c a u s e  o f  
t h e i r  h i g h  v e l o c i t y  r e q u i r e m e n t ,  l i e  a b o v e  s a n d y  p a r a l l e l  
l a m i n a t i o n  u n i t s .  C o n v o l u t e  l a m i n a t i o n  r e q u i r e s  h i g h  
t u r b u l e n c e  (C o lem an  a n d  G a g l i a n o ,  1 9 6 5 ;  D o t t  a n d  H ow ard ,  
1 9 6 2 ;  Bouma a n d  N o t a , 1 9 6 1 ) .  A f l o o d  h y d r o g r a p h  (1943 
t a k e n  a s  a n  e x a m p l e )  o f  t h e  M i s s i s s i p p i  R i v e r  a t  B a t o n  
Rouge ( F i g .  10)  sh o w s  t h a t  a s  t h e  r i v e r  s t a g e  i n c r e a s e s  
r a p i d l y ,  a v e r a g e  v e l o c i t y  o f  t h e  r i v e r  r i s e s  s h a r p l y  a n d  
a f t e r  i t  r e a c h e s  a  c e r t a i n  v a l u e ,  o n l y  m i n o r  f l u c t u a t i o n s  
t a k e  p l a c e  t h o u g h  t h e  s t a g e  c o n t i n u e s  t o  i n c r e a s e .  W i th  
a  r a p i d  d r o p  i n  r i v e r  s t a g e  i n  t h e  l a t e r  p h a s e  o f  t h e  
f l o o d ,  t h e  v e l o c i t y  d e c r e a s e s  w i t h  t h e  d e c r e a s e  i n  s t a g e .
I t  s e e m s  p r o b a b l e  f ro m  t h e  s t a g e  v e l o c i t y  r e l a t i o n s h i p  
shown i n  F i g u r e  11 t h a t  a t  t h e  s t a r t  o f  a  f l o o d  when t h e  
w a t e r  i s  h i g h l y  c h a r g e d  w i t h  s e d i m e n t s  o f  w i d e  s i z e - r a n g e ,  
r a p i d  s u p p l y  o f  s e d i m e n t s  c a u s e s  r i p p l e  d r i f t  l a m i n a t i o n s  
t o  f o r m .  L o c a l  t u r b u l e n c e  c a u s e d  e i t h e r  b y  o b s t r u c t i o n  
t o  t h e  f l o w  o r  b y  f l u c t u a t i o n s  i n  v e l o c i t y  p r o d u c e s  c o n ­
v o l u t e  l a m i n a t i o n s .  When t h e  f l o o d  w a t e r  a t t a i n s  maximum 
v e l o c i t y  a n d  t u r b u l e n c e  i s  r e d u c e d ,  p a r a l l e l  l a m i n a t i o n  
a n d  m a s s i v e  s t r u c t u r e s  r e s u l t .  D u r i n g  a n d  f o l l o w i n g  f l o o d  
p h a s e  o f  t h e  f l o o d  e r o s i o n  o f t e n  t a k e s  p l a c e  a n d  s e d i m e n t s
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F i g u r e  1 0 .  1943 f l o o d  h y d r o g r a p h  o f  t h e  M i e s l a s i p p i  R i v e r
a t  B a t o n  R o u g e .  ( D a t a  t a k e n  f r o m  C o r p s  o f  E n g i n e e r s ,  S t a g e s  
a n d  d i s c h a r g e s  o f  t h e  M i s s i s s i p p i  R i v e r ) .
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M  ft.
Stage
F i g u r e  1 1 .  S t a g e  v e l o c i t y  r e l a t i o n
o f  t h e  1943  f l o o d  o f  t h e  M i s s i s s i p p i  
R i v e r  a t  B a t o n  R o u g e .
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d e p o s i t e d  e a r l i e r  a r e  p u t  i n t o  s u s p e n s i o n  (McKee, 1 9 5 6 ) .
As a  r e s u l t ,  p a r a l l e l  l a m i n a t e d  u n i t s  a n d  s y n g e n e t i c  
m a s s i v e  u n i t s  b e c o m e  t r u n c a t e d  b y  e r o s i o n .
W i th  t h e  d e c r e a s e  i n  f l o o d  w a t e r  v e l o c i t y ,  t r o u g h  
c r o s s - s t r a t i f i c a t i o n  u n i t s  f o rm  on  t o p  o f  t h e  t r u n c a t e d  
r i p p l e  d r i f t  l a m i n a t e d  o r  c o n v o l u t e  l a m i n a t e d  u n i t s .  T h u s ,  
t r o u g h  c r o s s - s t r a t i f i e d  u n i t s  a r e  s u b a e r i a l l y  e x p o s e d  
d u r i n g  t h e  i n t e r - f l o o d  p e r i o d s  a n d  a r e  m o d i f i e d  b y  p o s t  
d e p o s i t i o n a l  p r o c e s s e s .  S lum p  s t r u c t u r e s  a n d  r o o t  b u r r o w s  
a r e  m o s t  common i n  t h e m .
V a r i o u s  w r i t e r s  (Bouma, 1 9 6 1 ;  D o t t  a n d  H o w a rd ,  1962;  
V i s h e r ,  1 9 6 5 ;  C o le m a n  a n d  G a g l i a n o ,  1 9 65)  h a v e  shown t h a t  
a n  e v e n t  i n  t h e  d e p o s i t i o n a l  p r o c e s s  c a n  b e  r e p r e s e n t e d  b y  
a  s e q u e n c e  o f  s t r u c t u r e s .  The s e q u e n c e  o f  s t r u c t u r e s ,  
w h i c h  c o u l d  r e p r e s e n t  d i f f e r e n t  v e l o c i t y  a n d  t u r b u l e n c e  
c o n d i t i o n s  o f  a  f l o o d  a s  e s t a b l i s h e d  f r o m  t h e  f r e q u e n c y  
a n a l y s i s ,  c a n  b e  s c h e m a t i c a l l y  r e p r e s e n t e d  a s  i n  F i g u r e  12 .
E ach  v e r t i c a l  s e q u e n c e  i s  r e c o g n i z e d  b y  e i t h e r  com­
p l e t e  o r  p a r t i a l  p r e s e r v a t i o n  o f  t h e  s e d i m e n t a r y  s t r u c t u r e s ,  
s i n c e  d e p o s i t i o n a l  p h a s e  o f  a n  e v e n t  may b e  f o l l o w e d  b y  an  
e r o s i o n a l  p h a s e  o f  t h e  same e v e n t  o r  t h e  n e x t .
The g e o m e t r y  o f  s e d i m e n t a t i o n  u n i t s  r e v e a l e d  i n  t h e  
q u a r r y  f a c e s  i n  P l a q u e m i n e  p o i n t  a r e  d e p i c t e d  i n  F i g u r e  13 
w h i c h  sh o w s  t h e  d i s t r i b u t i o n  o f  t h e  p r e d o m i n a n t  ( p r e d o m i ­
n a n c e  l e v e l  70%) m o r p h o t y p e s .  I n  F a c e  A3 , f a r t h e s t  f r o m  
t h e  r i v e r ,  two c y c l e s  o f  d e p o s i t i o n  ( s t a r t i n g  w i t h  r i p p l e
V  • ' •  • •
<rv-
" M a s s i v e  ( ? )
Trough x>stratification 
Massive
Parallel lamination
Convolute
lamination
-Ripple drift
lamination
Velocity
F i g u r e  1 2 .  S c h e m a t i c  r e p r e s e n t a t i o n  o f  
t h e  v e r t i c a l  s e q u e n c e  o f  r a o rp h o -  
t y p e s  a n d  t h e  p r o b a b l e  v e l o c i t y  
r e q u i r e m e n t  f o r  t h e i r  f o r m a t i o n .
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DISTRIBUTION OF PREDOMINANT MORPHOTYPES
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Mass^e
Trough crossbeddmg 
Parallel lamination 
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d a y  drapes
F i g u r e  13, G e o m e t r y  o f  t h e  m o r p h o g e n e t i c  u n i t s ;  e s t a b l i s h e d  f ro m  t h e  f r e q u e n c y  
d i s t r i b u t i o n  o f  t h e  m o r p h o t y p e s ,  a i d e d  w i t h  o b s e r v a t i o n a l  d a t a .
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d r i f t  L a m i n a t i o n  a n d  e n d i n g  i n  t r o u g h  c r o s s - s t r a t i f i c a t i o n )  
a r e  o b s e r v e d .  M a s s i v e  u n i t s  on  t o p  o f  t h e  s e q u e n c e  a r e  
h i g h l y  d i s t u r b e d  s e d i m e n t s  a n d  p r o b a b l y  r e p r e s e n t  p a r t  o f  
a  t h i r d  c y c l e .  i n  F a c e s  A5 a n d  A ^ , t h e  l o w e r - m o s t  t r o u g h  
c r o s s - s t r a t i f i e d  u n i t  i s  a  p a r t  o f  t h e  s e c o n d  c y c l e  o f  
F a c e  A^.  S e d i m e n t s  o f  f i v e  d i f f e r e n t  e v e n t s  a s  d e l i n e a t e d  
b y  t h e  p r e s e n c e  o f  e r o s i o n a l  p l a n e s  c a n  b e  e s t a b l i s h e d  f ro m  
F a c e  A ^ . So t h e  s e d i m e n t s  o f  t h i s  b a r ,  a s  s e e n  i n  t h e  p i t ,  
r e p r e s e n t  a t  l e a s t  s e v e n  e v e n t s ,  e a c h  b e i n g  r e p r e s e n t e d  
e i t h e r  b y  t h e  f u l l  s e q u e n c e  o f  s t r u c t u r e s  o r  a t  l e a s t  b y  
a  p a r t  o f  a  s e q u e n c e .  A l l  t h e  s e d i m e n t a t i o n  u n i t s  h a v e  a 
g e n e r a l  s l o p e  t o w a r d s  t h e  r i v e r  a n d  w edge  o u t  aw ay  f r o m  
i t .  The p o s i t i o n  o f  c l a y - d r a p e s  a r e  r a n d o m  a n d  c a n  n o t  b e  
p l a c e d  i n  t h e  s t r u c t u r a l  s e q u e n c e  w i t h  c e r t a i n t y .
HISTORY OF THE BAR:
As many a s  16 a c c r e t i o n  r i d g e s  h a v e  b e e n  r e c o g n i z e d  
f r o m  a e r i a l  p h o t o g r a p h s  o f  t h i s  b a r  ( F i s k ,  1 9 4 6 ) .  M apped 
h i s t o r i c a l  c o u r s e s  o f  t h e  M i s s i s s i p p i  R i v e r  a t  P l a q u e m i n e  
p o i n t  ( F i g s .  14 a n d  15) show  t h a t  d e p o s i t s  w i t h i n  t h e  
s t u d y  a r e a  o r i g i n a t e d  b e t w e e n  1906 a n d  t h e  p r e s e n t  d a y .
The p o s i t i o n  o f  t h e  d e p o s i t  a b o v e  t h e  p r e s e n t  d a y  h i g h  w a t e r  
l e v e l  c l e a r l y  i n d i c a t e s  t h a t  t h e s e  d e p o s i t s  w e r e  n o t  f o r m e d  
b y  c h a n n e l  p r o c e s s e s  b u t  r e s u l t e d  a t  f l o o d  s t a g e  t h r o u g h  
o v e r b a n k  d e p o s i t i o n .  The c h a n n e l  d e p o s i t s  c o u l d  n o t  b e  
r e a c h e d  b e c a u s e  o f  t h e  p r e s e n c e  o f  a  t h i c k  ( > 8 ' )  r e p e t i t i v e
—- 1860 
---1906
Plaquemme Point
F i g u r e  1 4 .  H i s t o r i c a l  c o u r s e s  o f  t h e  M i s s i s s i p p i  
R i v e r  a t  P l a q u e m i n e  P o i n t .  (Mapped f r o m  
C o r p s  o f  E n g i n e e r s  15 m i n u t e  q u a d r a n g l e  m aps)
Erosion
DepositionPlaquemme Point
Figure 1 5 .  Lateral accretion of Plaqueroine Point 
from 1906 to 1 9 3 9 .
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s e q u e n c e  o f  o v e r b a n k  d e p o s i t s .  One f e a t u r e  o f  s p e c i a l  
i n t e r e s t  c a n  b e  n o t e d  f r o m  F i g .  1 4 .  S i n c e  1939 no  l a t e r a l  
a c c r e t o n  o f  t h e  b a r  h a s  o c c u r r e d  a n d  e r o s i o n  i s  t a k i n g  
p l a c e  n e a r  t h e  t i p  o f  t h e  b a r  s i n c e  t h a t  y e a r .  C o m p l e t i o n  
o f  t h e  r e v e t m e n t  o n  t h e  c u t b a n k  s i d e  o f  t h e  r i v e r  i n  t h a t  
y e a r  s e e m s  t o  b e  r e s p o n s i b l e  f o r  t h i s  e r o s i o n .  C u r r e n t  
o f  t h e  r i v e r  a p p a r e n t l y  a r e  d e f l e c t e d  b y  t h e  r e v e t m e n t  a n d  
c a u s e  e r o s i o n  o n  t h e  p o i n t  b a r  s i d e .  The r e f l e c t e d  c u r ­
r e n t  m e e t s  t h e  m a in  c u r r e n t  o f  t h e  r i v e r  c a u s i n g  i t  t o  
r e d u c e  c o n s i d e r a b l y  a n d  a s  a  r e s u l t  d e p o s i t i o n  t a k e s  p l a c e  
on  t h e  u p s t r e a m  p a r t ,  i n  t h e  m a in  c h a n n e l .  As a  r e s u l t  o f  
t h i s  p r o c e s s  a  m i d - c h a n n e l  b a r  h a s  f o r m e d  n e a r  t h e  t i p  o f  
t h e  b a r ,  a b o u t  0 . 3  r i v e r  m i l e s  u p s t r e a m  f r o m  t h e  s t u d y  
a r e a .
I t  i s  e v i d e n t  f r o m  F i g u r e  16 w h i c h  sh o w s  d a i l y  
s t a g e s  o f  t h e  M i s s i s s i p p i  R i v e r  t h a t  t h e  o v e r b a n k  f l o w  
on  t h i s  b a r  o c c u r s  m a i n l y  d u r i n g  t h e  m o n th s  o f  A p r i l  a n d  
May when t h e  r i v e r  i s  a t  i t s  h i g h e s t  s t a g e  ( F i g .  1 6 ) .
F l o o d  s t a g e  s e d i m e n t a r y  d e p o s i t s  a r e  s u b a e r i a l l y  e x p o s e d  
d u r i n g  t h e  r e s t  o f  t h e  y e a r  a l l o w i n g  d e v e l o p m e n t  o f  a  d e n s e  
v e g e t a t i o n  c o v e r .  O v e r b a n k  d e p o s i t s  on  t h e  p o i n t  b a r  h a v e  
a c c u m u l a t e d  a t  a  maximum e l e v a t i o n  o f  35 f e e t  a b o v e  MSL. 
D u r i n g  t h e  i n t e r v a l  1906 t o  1970  f l o o d  w a t e r  h a s  r e a c h e d  
t h i s  h e i g h t  t w e l v e  t i m e s  ( F i g .  1 6 ) .  H e n c e ,  o n e  w o u l d  
e x p e c t  s e d i m e n t s  r e p r e s e n t i n g  t w e l v e  e v e n t s  t o  b e  p r e s e n t  
i n  t h e  o v e r b a n k  d e p o s i t s  o f  t h e  b a r .  H o w e v e r ,  o n l y  s e v e n
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F i g u r e  1 6 .  H i g h e s t  ( u p p e r  s o l i d  l i n e )  a n d  l o w e s t  ( l o w e r  s o l i d  l i n e )  s t a g e  o f  t h e  
M i s s i s s i p p i  R i v e r  a t  P l a q u e r o in e  P o i n t  f o r  t h e  p e r i o d ,  1 8 7 9 - 1 9 6 8 .
D a s h e d  l i n e  show s  d a i l y  s t a g e s  f o r  t h e  y e a r  1927 w h i c h  w as  t h e  h i g h e s t  
r e c o r d e d  f l o o d  o n  t h e  l o w e r  M i s s i s s i p p i  R i v e r .
e v e n t s  h a v e  b e e n  r e c o g n i z e d ,  a s  p o i n t e d  o u t  p r e v i o u s l y .
I t  c a n  o n l y  b e  c o n c l u d e d  t h a t  t h e  r e c o r d s  o f  t h e  m i s s i n g  
e v e n t s  h a v e  b e e n  r e m o v e d  b y  t h e  e r o s i o n a l  p h a s e  a s s o c i a t e d  
w i t h  a  f l o o d .
I t  c a n  b e  s e e n  f r o m  F i g u r e  16 t h a t  t h e  f l o o d  w a t e r s  
h a v e  n o t  r e a c h e d  t h e  h i g h e s t  p o i n t  o f  t h e  b a r  (35 f e e t  
a b o v e  M SL), s i n c e  t h e  f l o o d  o f  1 9 5 0 .  I t  h a s  a l s o  b e e n  
shown b y  map s t u d i e s  t h a t  t h e  d e p o s i t  o r i g i n a t e d  a f t e r  
1 9 0 6 .  T h e r e f o r e ,  i t  i s  i n t u t i t a v e l y  s u g g e s t e d  t h a t  t h e  
s e d i m e n t s  o f  t h i s  b a r  w e r e  d e p o s i t e d  d u r i n g  t h e  i n t e r v a l  
1906 t o  1 9 5 0 .
CONCLUSIONS
Statistical tests (chi-square) show that the geo­
metry of the sedimentary structures and morphogenetic 
units comprising overbank deposits of Plaquemine point 
bar are highly variable and that the degree of variability 
is the same in all directions (Table 5).
Complexity caused by the high degree of varia­
bility of the morphogenetic units in their correlation 
and hence in the interpretation of their depositional 
history has been partially overcome with the help of 
quantitative treatment of the morphotypes. Analysis of 
variance (Randomized block design) shows a zonal concen­
tration of morphotypes in the vertical direction but no 
such zonal concentration was observed in longitudinal 
direction of the bar for a short distance ( < 2 0 0 ‘). How­
ever, zonal concentration of morphotypes is seen in the 
transverse direction as established by chi-square analysis.
A repetitive sequence of morphotypes which could 
represent a flood (event) has been established from the 
frequency analysis. A single event is represented either 
by the full sequence of morphotypes or by a part of it. 
Seven such events were recognized from the deposits of the 
study area. Study of the historical courses and highest 
stages of the Mississippi River reveal that deposits at
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P l a q u e r o i n e  p o i n t  o r i g i n a t e d  b e t w e e n  1906 a n d  1950.
S e d i m e n t  a n a l y s e s  a n d  r i v e r  s t a g e  v e l o c i t y  r e l a ­
t i o n s h i p  show t h a t  t h e  g e o m e t r y  o f  t h e  m o r p h o t y p e s  h a s  
b e e n  c o n t r o l l e d  p a r t l y  b y  m i n o r  f l u c t u a t i o n s  o f  h y d r o -  
d y n a m i c  c o n d i t i o n s  a n d  p a r t l y  b y  t h e  s e d i m e n t  s u p p l y .  
P o s t - d e p o s i t i o n a l  p r o c e s s e s  h a v e  c o n t r i b u t e d  c o n s i d e r a b l y  
t o  t h e  h i g h  d e g r e e  o f  m o r p h o t y p e  v a r i a b i l i t y .
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APPENDIX - 1A
OBSERVATION TABLES
N u m b ers  i n  t h e  f o l l o w i n g  t a b l e s  i n d i c a t e  d i f f e r e n t  
s t r u c t u r e  m o r p h o t y p e s .
1 . T r o u g h  c r o s s - s t r a t i f i c a t i o n  ( d e e p )
2 . T r o u g h  c r o s s - s t r a t i f i c a t i o n  ( f l a t )
3 . P a r a l l e l  l a m i n a t i o n
4 . M a s s i v e
5 . Wavy l a m i n a t i o n
6 . C o n v o l u t e  l a m i n a t i o n  T y p e - I
7 . C o n v o l u t e  l a m i n a t i o n  T y p e - i l
8 . R i p p l e - d r i f t  l a m i n a t i o n  ( s m a l l )
9 . R i p p l e - d r i f t  l a m i n a t i o n  ( l a r g e '
1 0 . L e n t i c u l a r  l a m i n a t i o n
78
OBSERVE
L 3 4 5 o 7
6 “ 4 4.9 4,b 4,7,3,9 4,5,9 5,9 3,4
11 " 4.7.9 5.9 3 ,9 3.7 3,5,9 3,4,5,7,9 3,4,9
13" 4.5.8 4,5,9.10 3,4,7,9 5,7 3,5,6, 10 4,5,7,9.10 5,9
i4 " 4.7,9 3,4 9,4 4,7,1. 5 ,6 , 9 4,9 4,5,9,10
30" 3,4.5 4,9,10 3, 10 7,9,10 3.4,8,10 .<,4.7
3b " 4,7,3 4,5,L0 3.4.3.10 3,4,6,10 4,6,8 4,5,7.8
42" 4,9 4.8 3,8,10 4,3 9
48" 1.9 4,7 3 4,3 9
54 " i , .i 1,9.7 3,1 4,1
bo ” 1 1 1 1
3
3,
3,
3, 
5, 
9
4, 
4, 
4,
5
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OBSERVATION T A B L E  -  FACE A L
7 3 9 10 I I lii 13 14
5, 4 3 , 5 3 , 5 , 6 3 , 6 , 7 5 , 7 , 9 9 9 9
5 , 4 , 9 3 , 4 , 5 3 3 , 4 3 , 5 , 7 , 9 3 , 5 , 4 3 , 4 , 7 . 9 4 , 5 , 9
3, 9 3 , 4 , 5 , 7 , 9 3 , 5 , 7 , 8 3 , 5 , 6 , 8 5 , 8 , 9 , 1 0 1 , 5 9 9
1 , 5 , 9 , 1 0 5 , 9 3 , 9 3 , 5 , 9 9 5 . 9 4 , 7 , 9 4 , 5 , 7 . 9
* . 4 . 7 9 4 , 7 , 9 5 , 7 , 8 , 9 3 . 4 , 5 , 9 4 , 5 , 7 , 9 4 , 7 , 9 3 , 8
1 , 5 , 7 ,  a 4 , 8 , 9 , 1 0 7 , 8 3 , 4 , 8 3 , 5 3 , 4 , 5 4 , 9 4 , 7 , 9
9 4 , 5 , 7 , 8 3 , 4 , 7 , 9 3 , 4 , 9 3 , 4 , 1 0 3 , 4 3 , 4 , 7 , 9 9
9 4 , 5 5 , 9 9 3 , 4 , 5 4 . 7 , 9 3 , 4 9
5 9 9 4 , 3 9 9
4 , 3 9
OBSERVATION TABLE - FACE A2
1 2 3 4 5
6 " 2 , 4 2 , 4 2 , 4 8 , 4 , 7 2 , 4 3
1 2 " 4 , 7 3 , 4 , 7 4 , 6 2 , 4 2 , 4 , 7 4
18" 4 , 1 4 , 1 4 , 1 4 , 7 4 , 1 2
24 " 1 , 7 1 , 7 4 , 1 4 , 3 1 , 2 3
3 0 " 1 , 2 1 , 2 1 , 2 1 , 7 1 , 2 2
36 " 1 , 2 , 8 1 , 8
00*r-l 1 , 2 1 , 8 , 5 4
4 2 " 3 , 5 , 9 9 , 7 8 , 9 , 7 1 , 8 8 , 5 4
48  " 9 9 9 , 4 8 , 9 9 3
54 " 9 9 4 , 9 9 9 2
7 7 7 8
Number 
6 o f  
c h a n g e s
T o t a l  n u m b e r  o f  S t r i p s  u s e d  = 5
80
OBSERVATION TABLE -  F,
S t r i p s 1 2 3 4 5 6 7 3 9 10 11 1
6 " 4 . 9 4 , 7 4 , 1 0 4 , 1 0 4 4 , 1 0 4 , 9 4 , 6 , 1 0 4 4 . 7 3 . 4 , 1 0 4 .
12" 2 . 6 , 4 3 , 2 , 4 2 , 3 2 , 4 , 1 0 7 , 2 2 . 4 7 . 2 2 , 4 2 , 4 2 , 10 4 , 1 0 , 2 2 .
18" 2.6 3 . 2 2 1.8 2,1 2,10 2.1 2,1 2.1 2.1 2 2 .
2 4 " 7 2 , 1 . 6 2 . 4 , 6 1.8 1 . 7 1 . 2 , 9 1 . 4 2 1.8 1 , 9 , 7 1.2 1.
3 0 " 7 . 1 7 1,6 7 . 8 1 . 8 , 7 1 . 4 , 7 8 , 9 , 4 2 . 4 , 8 2 , 8 , 9 9 , 7 1 . 4 , 8 1.
3 6 " 1.2 1 , 7 1, 10 1 . 9 .6 7 . 9 , 1 0 4 , 6 , 7 9 9 ,  10 5 4 . 7 , 9 5
! 4 2 " 1 1 , 9 1 . 9 1 . 3 , 9 6 , 9 1 . 9 9 , 3 9 3 , 9 9 , 7 , 1 2 . 9 , 1 0 9 ,
4 8  " I 9 1 1 1 1
5 4 " 1
6 0 “
8 1
FRVATION TABLF -  FACE A^
10 11 12 13 14 15 16 17 18 19 20 21 22
4 ,7 3 , 4 , 1 0 4 . 7 4 4 . 7 4 . 7 4 , 1 0 4 . 2 4 . 2 4 . 7 4 . 2 4 , 1 0 4 , 1 0
i ,  10 4 , 1 0 , 4 2 . 4 2 . 4 7 . 2 7 . 2 4 . 7 2 . 7 2 . 1 . 4 2 . 4 , 7 2 1 . 2 . 4 4 . 2
<!. 1 2 2.1 2.1 2.1 1 . 2 , 4 1 . 2 . 4 . 7 1.2 1.2 1.2 1.2 2 1.2
1 . 9 . 7 1.2 1.2 1.8 1.6 6 . 5 1 . 2 . 4 1.2 1 . 9 1 . 2 . 4 1 . 2 . 7 1.2 1
3 . 7 1 . 4 , 8 1.6 1.6 . 9 , 9 1.8 1 . 9 9 . 3 , 7 1.6 6 . 9 2 . 9 1 . 9
3 4 , 7 , 9 5 3 , 6 , 1 0 9 , 1 0 9 1 . 7 9 7 . 9 5 . 6 . 9 9 7 . 9 . 1 0 9 . 7
3 . 7 , 1 2 . 9 , 1 0 9 . 7 2 . 9 1 1 . 9 5 1 . 3 3 , 9 9 9 . 9 9 . 1
L 1 1 1 1 1 . 7 2 , 10 1 1 . 9 8 . 7 8.1 8.1
1 . 7 9 9 1
9 . 7 9 9 9
OBSERVATION TABLE - FACE A4
1 2 3 4 5 6 7 8
6 " 4 , 7 , 1 4 , 7 , 1 4 , 3 , 2 , 7 , 1 , 2 , 4 3 , 4 , 7 3 , 4 , 7 4 , 2 4 , 1 0 , 2 3
1 2 " 2 , 3 , 4 7 . 4 7 , 4 1 , 2 , 7 2 , 7 1 , 2 1 , 2 7 , 1 4
18" 3 , 6 , 1 7 , 4 1 , 2 2 , 4 2 , 1 7 , 1 1 , 2 1 , 2 5
24" 1 1 , 2 1 , 4 , 6 4 , 1 4 , 1 1 , 2 1 0 , 2 , 5 , 3 2 , 4 4
30" 1 , 4 4 , 7 , 1 2 , 6 7 , 3 , 1 4 , 2 1 , 3 , 7 9 , 5 7 , 1 0 5
36 " 9 , 7 7 . 2 6 , 4 9 9 3 , 7 , 9 9 , 7 7 4
42" 9 3 , 7 4 , 9 4 , 7 7 , 9 7 , 9 2 , 5 5 4
48 " 9 , 6 9 9 4 , 9 9 9 , 1 4
54 " 7 1 , 9 1 1 1
7 6 7 7 7 7 Number
o f
C h a n g e s
T o t a l  n um ber  o f S t r i p s  u s e d  ■ 6
OBSERVATION TABLE - FACE A &
I 2 3 4 5 6 7 8 9
6 " 4 , 8 4 , 8 1 , 4 4 4 4 4 4 , 8 4 , 2 4
1 2 * 2 , 4 1 , 6 4 , 9 4 , 8 4 4 , 9 1 , 4 , 7 1 , 6 , 3 4 , 6 8
18 " 8 , 4 , 6 8 , 4 , 6 8 , 4 , 6 8 , 1 , 1 0 6 , 8 , 4 8 , 1 0 , 7 1 , 6 , 4 4 , 2 , 8 6 , 4 , 8 6
24 M 8 , 4 , 6 1 , 3 4 , 8 8 , 1 0 1 , 2 , 1 0 2 , 1 , 8 9 , 6 7 , 1 , 8 8 , 1 0 , 4 8
30" 3 , 8 , 4 1 , 4 3 , 8 , 4 9 , 4 9 , 6 3 , 1 , 8 3 , 1 , 8 9 , 1 0 9 , 4 7
36 " 1 , 8 , 4 6 , 1 , 4 1 , 6 1 , 6 1 , 4 1 , 6 1 , 2 3 , 4 , 2 2 , 6 7
4 2 " 1 . 4 1 , 4 1 1 1 1 , 4 1 1 , 4 1 5
48  " I 1 1 1 1 , 6 1 1 1 1 2
6 7 5 5 6 7 6 7 6 Number o f
C h a n g e s
T o t a l n um ber  cif S t r i p ) 3 u s e d  3
1
9
OBSERVATION TABLE
00
6 "
1
1
2
1 , 2 , 7
3
2 , 4 , 1 0
4
1 , 2 . 6
12 " 1 2 , 4 , 5 , 7 4 1 , 4 , 7 , 8
18" 1 , 2 , 3 , 4 3 , 4 , 5 , 7 2 , 4 1 , 2 , 4 , 7
24 " 2 , 4 , 7 1 , 4 , 5 , 7 2 , 4 2 , 3 , 4
30" 4 , 9 4 , 9 4 , 9 4 , 9
36 " 9 9 9 , 7 9
4 2 " 9 , 7 7 9 9 , 7
48 " 9 9 9 9 , 7
5 4" 9 , 7 9 9 9
6 0 " 9 7 , 9 9 9
6 6 " 9 9 9 9
8 9 5 8
FACE B1
5
1 . 2 . 7 . 1 0
1 . 2 . 7 . 1 0
1 . 3 . 4 . 1 0
3 . 4 . 9 . 1 0  
4 , 9
9
9 . 7  
9
9 . 7  
9
9
4
4
4
4
0
2
3
2
2
2
0
8 Number  o f  
C h a n g e s
OBSERVATION TABLE - FACE B2
I 2 3 4 5 6 7 8
6 " 8 , 3 , 7 4 , 7 , 8 4 , 3 4 , 3 , 1 0 4 , 1 0 4 , 5 , 1 4 , 1 0 4 , 4 7
1 2 " 4 , 3 6 , 4 4 , 1 0 , 1 7 , 1 4 , 3 , 2 2 , 7 , 4 4 , 2 3 , 4 7
18 " 1 , 7 , 4 4 , 1 1 , 4 , 7 7 , 4 , 1 1 , 2 , 4 . 7 , 1 , 2 2 , 8 4 , 2 , 8 6
2 4" 1 , 2 , 7 1 , 2 , 7 1 , 2 , 6 1 , 2 , 7 1 , 2 , 7 1 , 2 , 7 4 , 1 0 4 , 7 4
30" 1 , 2 5 . 9 1 , 5 1 , 2 2 7 , 1 9 , 4 9 , 4 6
36 " 1 , 2 , 5 5 , 9 , 7 5 , 9 , 4 5 , 7 , 4 2 , 5 , 8 I 9 , 1 9 , 1 6
4 2 " 5 , 8 3 , 2 , 8 9 , 1 4 , 6 , 8 8 1 , 9 I I 6
4 8 "
54"
3 , 8 , 9
9 , 1
2 , 8 1 , 8 1 , 8 1 , 8
I
9 , 8
1 , 4
I I 4
7 7 7 7 7 7 6 6 Number o f  
C h a n g e s
OBSERVATION TABI£ - FACE B5
---------- ----------
I 2 3 4 5 6 7 8 9 10
6 1 4 , 7 , 2 4 , 7 4 , 7 , 3 4 , 2 4 , 9 4 , 7 4 , 2 4 4 , 2 4 , 7 9
1 2 " 3 , 8 , 4 2 , 3 , 4 , 7 4 , 7 4 , 2 , 7 2 , 4 2 , 4 4 , 7 8 , 4 8 , 4 , 7 4 , 2 8
18 " 2 , 4 2 , 4 , 7 1 , 2 , 4 1 , 2 , 7 1 , 2 , 1 0 2 , 3 , 7 2 , 4 , 7 2 , 4 , 7 2 , 3 , 4 2 , 3 , 4 7
24 " I 2 , 1 , 4 1 , 2 4 , 2 1 , 2 3 , 4 , 7 2 , 3 , 4 3 , 4 , 7 1 , 2 , 7 7 , 4 , 1 9
3 0" 1 , 2 1 , 2 , 4 1 , 2 , 4 , 1 0 2 , 1 1 4 , 7 , 1 1 , 4 1 . 4 1 , 2 1 . 2 7
36 " 8 , 2 , 3 2 , 1 2 , 1 1 , 3 , 7 1 , 3 , 7 1 , 8 8 , 1 , 4 1 . 2 1 , 2 , 8 1 , 2 7
4 2 " 2 , 1 1 , 3 , 4 1 , 3 1 , 1 0 1 , 1 0 8 , 7 , 1 1 , 2 1 1 1 , 8 7
4 8 " I 1 r 7 1 , 1 0 1 1 1 1 1
54 " 1 1 1 1
6 5 6 6 6 6 6 6 6 5 Number
o f
C h a n g e s
APPENDIX - IB
DISTRIBUTION TABLES AND A NOV TABLES
' O '  i n  a n  o b s e r v a t i o n a l  u n i t  i n d i c a t e s  a b s e n c e  o f  a  m o r -  
p h o t y p e .  ' I '  i n d i c a t e s  p r e s e n c e  o f  a  m o r p h o t y p e .  The 
a n a l y s e r  o f  v a r i a n c e  i n c l u d e  t h e  f o l l o w i n g  c a l c u l a t i o n s  
( s e e  S n e d e c o r  a n d  C o c h r a n ,  1 9 6 8 ) .
T r e a t m e n t s  
( S t r i p s )  
L= 1 . . . .  a I  .
R e p l i c a t i o n s  
. . . .  j  . .
( r o w s )  , j  = i . . . .b 
. . b
Sum Mean
I X11 . . . .  X ^  j  . . . .  X]^) x i . x i .
2 X21 . . . . x 2 j  . . . .  X 2 h x 2 . x 2 .
• • • • • •
• • • • • •
• • • • • •
• • • • • •
i
•
•
Xi l
•
•
. . . .  X ^  j  • . • • x i b V x i ‘
•
a x a i . . . .  X „ j . .a  J • • Xa b Xa . Xa .
Sum
Mean
X *I
X - I
J
X . J
x ‘b
X ‘b
X.  .
X.  .
.i
2 2C o r r e c t i o n :  c  = ( X . . ) / a b  = X . . / a bxj
T o t a l  »  x i j 2 “ c
2 L
T r e a t m e n t  ( S t r i p s ) :  A = X. + . . . + Xa#
JL •V " — *
R e p l i c a t i o n s  ( r o w s ) :  B »  x , j .^ + ••••■*■ X. b
a
R e s i d u a l  ( e r r o r ) :  D = T O t a I - ( T r e a t m e n t s  +
R e p l i c a t i o n s )
87 (continued)
ANOV TABUSS (continued)
S o u r c e  o f  
v a r i a t i o n
D e g r e e  o f  
f r e e d o m
Sum o f  
s q u a r e s Mean S q u a r e s
• F' 
v a l u e
T r e a t m e n t
( S t r i p s ) a - 1 A A /  ( a - 1 ) = x x/»
R e p l i c a t i o n s  
( Rows) b - 1 B B / ( b - l )  “  Y Y / *
R e s i d u a l s
( E r r o r )
( a - 1 ) ( b - 1 ) D D / ( a - l )  ( b - 1 ) = *
T o t  a  1 a b - 1 A+B+D
3 8
R
ow
s
M O R P H O T Y P E—  PARALLEL LAMINATION FACE—  A L
Sitrips Tots/ % I
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 Occ. Occurrence
6* 0 0 I 0 0 I I I i 0 0 0 0 5 3 8 .5
12' 0 0 I I I I I I i I I I 0 10 7 6 . 9  _
ier 0 I 0 I 0 0 I I i 0 0 0 0 5 3 8 . 5
24T 0' 0 0 0 0 0 0 0 i 0 0 0 0 1 7 . 6
%3(f I 0 I 0 I 0 0 0 0 1 0 0 I 5 3 8 . 5
$
* 3 6 * 0 0 I I 0 0 0 0 I I L 0 0 5 3 8 .5
42*
48*
Tot.
ANOV
Source d f Sf ms F
Tots/ 77 L8.68
Row 5' 3 . 2 4 .648 3.18
Strip 12 3 .1 8 .265 1 .30
Error 60 1 2 .28 .204
M O R P H O T Y P E —  massive FACE—  Aj.
Sifrips Total %
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 Occ. Occurrence
6T I I I I 0 I 0 0 0 0 0 0 0 5 3 8 .5
12* 0 0 0 0 I I I 0 I 0 I I I 7 5 3 ,8
1ST I I 0 0 I 0 I 0 0 0 0 0 0 4 3 0 .8
2 f I* I 1 0 1 I 0 0 0 0 0 I I 7 5 3 . 8
530* I I 0 0 I 1 0 I 0 I I I 0 8 6 1 . 5
36* I I I I I I I 0 I 0 I 1 I I I 8 4 .6
4 ?
46*
Tot
ANOV
Source d f 55 ms F
Total 77 19.3^
Row 5' 2 . 3 ] .462 2 .1 5
Strip 12 4 .3 9 .366 1 .7 0
Error 60 12.89 .215
M O R P H O T Y P E —  deformational FACE—  a l
S trips Total %
1 2 3 ¥ 5 5 7 a 9 10 11 12 13 14 15 16 17 18 19 20 21 Occ. Occurrence
6* 0 1 1 1 1 0 i 1 1 1 0 0 0 6 6 1 . 5
12' 1 I 1 1 1 0 i 0 0 1 1 1 1 10 7 6 . 9
ier 1 1 1 1 1 1 i 1 1 1 1 0 0 11 8 4 . 6
24* 0 • 0 1 1 0 1 i 0 1 0 1 1 1 8 6 1 . 5
530" 1 0 0 1 0 1 0 1 1 1 1 1 0 a 6 1 . 5
£
36* 1 1 0 1 1 1 0 1 0 1 1 0 1 9 6 9 . 2
4 7
46'
Tot.
ANOV
Source d f 55 ms F
Total 77 1 6 . 6 ;
Row 5 . 6 ; . 1 2 4 . 5 0 6
Strip 12 1.2S . l b 7 . 4 3 7
Error 60 1 4 . 7 : . 2 4 5
M O R P H O T Y P E —  RIPPLE DRIFT LAMINATION FACE—  A
s trips Tots/ 
Occ.
%
Occurrence1 2 3 4 5 6 7 8 9 to 11 12 13 14 15 16 17 18 19 20 21
I 0 I I 1 0 0 0 0 I I I I 8 6 1 . 5
1 1 0 I I I 0 0 0 I 0 I I 8 6 1 . 5
I I 0 0 I I I I I I 0 1 I 10 7 6 .9
1- I 0 1 I 1 I I I I I I 1 12 9 2 . 3
0 1 0 I 1 0 1 I I I I I I 10 7 6 .9
I 0 I 0 1 I I I 1 0 0 1 1 - 9 6 9 . 2
ANOV
Source d f 55 ms F
Total 77 15 .35
Row 5 0 . 8 9 .17 8 0i908
Strip 12 2 . 8 5 .2 37 L209
Error 60 L I .79 .196
M O R P H O T Y P E —  trough cross-stratification FACE—  a2
Sitrips Tots/ 
Occ.
"T~
Occurrence1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
1 1 1 0 1 4 80
0 0 0 1 1 2 40
l 1 1 0 1 4 80
l 1 • 1 0 1 4 80
l 1 1 1 1 5 100
l 1 1 1 1 5 100
0 0 0 1 0 1 20
0 0 0 0 0 0 0
0 0 0 0 0
ii
l
0 0
ANOV
*
** P <.01
Source d f 55 ms F
Total 44 i i .  i :
Row 8 6 . 7 1 . 8 3 9 8 . 4 7
Strip 4 0 . 2 2 . 0 5 5 . 5 5
Error 32 3 . 1 8 . 0 9 9
M O R P H O T Y P E —  massive FACE—  A2
Sttrips Total .......................% "
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 Occ. Occurrence
6T I 1 I I 1 5 100
12' I I I I I 5 100
ter I I 1 1 I 5 100
24* 0 0 - I I 0 2 40
230* 0 0 0 0 0 0 0
^36* 0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 I 0 0 I 20
To/. 0 0 I 0 0 I 20
* *
* **P<.Oi
*P < .05
ANOV
Source d f 55 ms F
Total 44 10.96
Row 8 8 .16 1 .0 2 15.9^
Strip 4 0 .7 6 .1 9 2.91
Error 32 2 .0 i .0 6 4
M O R P H O T Y P E—  DE FORMAT IONAL FACE—  A2
Sifrips Total
Occ.
£
Occurrence1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
6* 0 0 0 1 0 1 20
72* 1 1 1 0 1 4 80
73* 0 0 0 1 0 1 20
2¥* 1 1 . 0 0 0 2 40
530* 0 0 0 1 0 1 20
£
36* 0 0 1 0 1 2 40
42' 1 1 1 0 1 4 80
46" 0 0 0 0 0 0 0
Tot. 0 0 0 0 0 0 0
*
*P <.01
Source d f 55 ms F
Total 44 1 0 .0
Row ' 8 3 .6 0 . 4 5 2 . 2 5
Strip 4 0 . 0 0 . 0 0 0
Error 32 6 . 4 0 . 2
M O R P H O T Y P E —  ripple drift lamination PACE—  A2
Si'rips Tots! " ■ " IT  '
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 Occ. Occurrence
6T 0 0 0 1 0 I 20
12" 0 0 0 0 0 0 0
1ST 0 0 0 0 0 0 0
2 f 0 0 • 0 0 0 0 0
30T 0 0 0 0 0 0 0
36* I I I 0 1 4 80
I I I 1 I 5 100
460 I I I 1 I 5 100
Tot. I I 1 I 1 5 100
**
**P <.0I
ANOV
Source d f ss ms F
Total 44 11.11
Row 8 9 .5 1 1.1S 23.£
Strip 4 0 .0 0 . 0c O.C
Error 32 1 .60 .OS
R
ow
s
M O R P H O T Y P E —  trough cross-stratification FACE—
Sifrips Tots1 *  '
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 Occ. Occurrence
6* 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I I 0 I 0 3 1 3 .6
12' i I I I I I I I 1 1 I I I I I 0 I I I I I 21 9 5 .4 5
ier i I I I I 1Am I 1 I I I I I I I I I I I I I 22 100
24* 0 I ' I I I 1 I I I I 1 I I I 0 I I I L \ 1 20 90.90 .,
230* 1 0 I 0 I I 0 I I 0 I I 1 0 0 I I 0 I 0 I 14 6 3 . 6 3
Qc
K 36*1 I I I 0 0 0 0 0 0 0 0 0 0 0 I 0 0 0 0 0 5 2 2 .7 2
4 7 I I 1 I 0 I 0 0 0 I I 0 I I I 0 I 0 0 0 0 12 5 4 .5 4
48*
Tot.
* *
**P <.01
ANOV
Source d f 55 ms F
Total 153 3 5 . 9
Row 6 16 . 12 2 . <?< 1 7 . :
Strip 21 . 6 1 4 . 0 3 . 1 9 7
Error 126 1 9 . 1 6 . 1 5 ;
M O R P H O T Y P E —  massive FACE—  A 3
Sifrips Total
Occ.
r  ■
Occurrence1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
I I I I I I I I I I I L 1 I I I I 1 I I I 22 100
I I 0 I 0 I 0 I I 0 I I 1 0 0 I 0 I I c 1 14 6 3 . 6
0 0 0 0 0 0 0 0 0 0 0 0 0 0 I I 0 0 0 0 0 2 9 . 1
0 0 • 1 0 0 0 1 0 0 0 0 0 0 0 0 I 0 0 I 0 0 4 1 8 .2
0 0 0 0 0 1 I I 0 0 I 0 0 0 0 0 0 0 0 0 c 4 1 8 .2
0 0 0 0 0 0 I 0 0 0 I 0 0 0 0 0 0 0 0 0 0 2 9 . 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ANOV
Source d f 55 ms F
Total 153 3 3 . 0^
Row 6 1 6 . 5 8 2 . 7 6 : 2 5 . 3 !
Strip 21 2 . 7 5 . 1 3 1 1 . 2
Error 126 1 3 . 7 1 . 10<
R
ow
s
M O R P H O T Y P E —  deformational FACE—  * 3
s trips Tots/ ........................ '
1 2 3 4 5 6 7 5 9 10 11 72 13 14 75 16 17 18 19 20 27 Occ. Occurrence
5* 0 1 0 0 0 0 0 1 0 1 0 1 0 1 1 0 0 0 1 0 0 7 3 1 .8
72' 1 0 0 0 1 0 1 0 0 0 0 0 0 1 1 1 .1 0 1 0 0 8 3 6 .4
75* 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 2 9 . 1
2¥* 1 1* 1 0 1 0 0 0 0 1 0 0 0 1 1 0 0 0 0 1 0 8 3 6 . 4
5J0* 1 1 1 1 1 1 0 0 0 1 0 1 1 0 0 0 0 1 1 1 0 12 5 4 .5
^ 36* 0 1 0 0 1 1 1 0 0 1 1 1 1 0 0 1 0 1 1 0 1 13 5 9 . 1
¥2* 0 0 0 0 1 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 41 1 8 .2
¥S*
Tot.
* *
**P <.01
Source d f 55 ms F
Total 153 3 5 . 0 "
Row '6 4 . 2 5 . 7 0 8 3 . 6 7
Strip 21 6 . 5 . 3 0 9 1 60
Error 126 2 4 . 3 ; . 1 9 3
M O R P H O T Y P E — pippin drift lamination FACE—  a3
S i trips Tots!
Occ.
*
Occurrence1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
I 0 0 0 0 0 I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 9 . 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I 4 . 5
0 0 • 0 1 0 I 0 0 1 I 0 0 I 0 0 0 0 1 0 0 0 6 2 7 . 3
0 0 0 I I 0 1 1 I I I 0 0 I 1 I I I 0 1 1 1 5 6 8 . 2
0 0 0 I 0 I 0 I I 0 I 0 0 I I 0 I I I I I 13 5 9 . 1
0 I I 1 1 1 I I 1 I 1 I 1 0 I 0 0 L I I 1 18 8 1 . 8
*  * * P < . 0 1
*P < .05
ANOV
Source d f 55 ms F
Total 153 34.3i •
Row 6 00• » 2 . 4 * 20J6^
Strip 21 4 . 3 6 .208 1 .7 3
Error 126 15.1^ J20
SM
O
y
101
M O R P H O T Y P E—  trough cross-stratification FACE—  * 4
Si'rips Totsi .........................%  "  '
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 Occ. Occurrence
er 1 1 1 1 0 0 4 6 6 . 6 7
12* 1 0 0 1 1 1 4 6 6 . 6 7
1ST 1 0 1 1 1 1 5 8 3 . 3 3
24* 1 1 • 1 1 1 1 6 100
$30* 1 1 1 1 1 1 6 100
£ 36* 0 1 0 0 0 0 1 1 6 .6 7
42* 0 0 0 0 0 0 0 0
48* 0 0 0 0 0 1 1 1 6 .6 7
Tot
ANOV
Source d f SS ms F
Total 47 i i . 8 :
Row 1 6 . 6 4 .9 4 9 6 . 6 4
Strip 5 0 . 1 8 .036 .2 5 2
Error 35 4 . 9 9 .1 43
* *
**P <.01
R
ow
s
M O R P H O T Y P E —  MASSIVE FACE—  a4
Sitrips Tots/ '%
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 Occ. Occurrence
f f I 1 L I I I 6 IOO
12" 1 I I 0 0 0 3 5 0 . 0
Iff 0 I 0 I 0 0 2 3 3 .3 3
24T 0 O' L I I 0 3 6 0 . 0
%3(f I 1 0 0 I 0 3 5 0 . 0
£
36* 0 0 1 0 0 0 1 1 6 .6 7
4 7 0 0 I I 0 0 2 3 3 .3 3
4ff 0 0 0 I 0 0 I 1 6 .6 7
Tot
ANOV
Source d f 55 ms F
Total 47 1 1 . 8 ] ,
Row 7 2 . 98 .428 2 . 0 ;
Strip 5 1 . 4 ; .286 1 . 3 !
Error 35 7 . 4 . 2 1 ;
€
0
1
R
ow
s
M O R P H O T Y P E—  DEFORMATIONA L FACE—  a4
Si'rips Tots/ %
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 Occ. Occurrence
3* 1 1 I 0 1 1 5 8 3 .3 3
72* 0 1 I I I 0 4 6 6 . 6 7
73* I 1 0 0 0 I 3 5 0 . 0
2¥* 0 o • I 0 0 0 I 1 6 .6 7
530* 0 I I I 0 1 4 6 6 . 6 7
£
36* I I I 0 0 I 4 6 6 . 6 7
¥2* 0 I 0 I I I 4 6 6 . 6 7
¥3* I 0 0 0 0 0 I 1 6 .6 7
Tot.
ANOV
Source d f SS ms F
To/a/ 47 11.92
Row 7 2.5S .37 1 . 54
Strip 5 .92 1184 . 7:
Error 35 8 .4 1 .2 4
*0
1
R
ow
s
M O R P H O T Y P E —  Ripple drift lamination FACE—  a4
Si’rips Tots!
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 Occ. Occurrence
6* 0 0 0 0 0 0 0 0
12" 0 0 0 0 0 0 0 0
ier 0 0 0 0 0 0 0 0
24* 0 0 - 0 0 0 0 0 0
5 30* 0 0 0 0 0 0 0 0
c?
36* 1 0 0 I 1 I 4 6 6 . 6 7
4 ? I 0 I 0 I I 4 6 6 . 6 7
46" I I 1 I 1 I 6 100
Tot.
* *
* * P  < . 0 1
ANOV
Source d f SS ms F
Total 47 9 . 4 8
Row 7 6 . 6 5 0 . 9 5
rr)CO•r~4
Strip 5 . 6 0 . 1 2 00•
Error 35 2 . 2 3 . 0 6 4
ff*o<y105
MQRPHOTYPE— TROUGH CROSS-STRATIFICATION__________FACE— A5
Strips Tots/
-
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 Occ. Occurrence
5* 0 0 1 0 0 0 0 0 1 2 2 2 . 2
72' 1 1 0 0 0 0 1 1 0 4 4 4 . 4
7S* 0 0 0 1 0 0 1 1 0 3 3 3 .3
2¥* 0 1 • 0 0 1 1 0 1 0 4 4 4 . 4
230* 0 1 0 0 0 1 1 0 0 3 3 3 .3
Ro
\
°l 1 1 1 1 1 1 1 1 1 9 100
4sr 1 1 1 1 1 1 1 1 1 9 100
48' 1 1 1 1 1 1 1 1 1 9 100
Tot
ANOV
* *
i
**P <.01
Source d f 55 ms F
Total 71 1 2 . 9S
Row 1 3.86 .55' 4.2<
Strip 8 1.86 . 2 3 ; 1.8<
Error 56 7 . 2f .12<
106
M O R P H O T Y P E — massive FACE—  a5
Sifrips Total *
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 Occ. Occurrence
5* 1 1 1 1 1 1 1 1 1 9 100
12' l 0 1 1 1 1 1 0 1 7 7 7 . 8
1ST l 1 1 0 1 0 1 1 1 7 7 7 .8
24* l 0 • 1 0 0 0 0 0 1 3 3 3 .3
530* 1 1 1 1 0 0 0 0 1 5 5 5 .5
£
36* 1 1 0 0 1 0 0 1 0 4 4 4 .4
42T l 1 0 0 0 1 0 1 0 4 4 4 .4
48' 0 0 0 0 0 0 0 0 0 0 0
Tot.
ANOV
* *
**P <.01
Source d f 55 ms F
Total 71 17.86
Row 7 6 . 1 .8 7 1 7 .1 9
Strip 3 1.75 .2 1 9 1 . 8 1
Error 56 6 .76 .1 2 1
R
ow
s
M O R P H O T Y P E—  deformational FACE—  a5
Si rips Tots! k
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 Occ. Occurrence
6* 0 0 0 0 0 0 0 0 0 0 0
12* 0 1 0 0 0 0 1 1 1 4 4 4 . 4
1 1 1 0 1 1 1 0 1 7 17 .8
24T 1 0 * 0 0 0 0 1 1 0 3 3 3 .3
230* 0 0 0 0 1 0 0 0 0 1 1 1 .1
£
0 1 1 1 0 1 0 0 1 5 5 5 .5
*2* 0 0 0 0 0 0 0 0 0 0 0
48* 0 0 0 0 1 0 0 0 0 1 1 1 .1
Tot.
ANOV
**P <.01
Source d f 55 ms F
Total 71 14.86
Row 7 5 . 1 .7 2 9 4 . 3 9
Strip 8 0 . 5 .0 6 2 0 . 3 7
Error 56 9.26 .166
R
ow
s
M O R P H O T Y P E—  ripple drift lamination FACE—  a 5
S trips Tots/
2 3 ¥ 5 6 7 8 9 10 11 12 13 14 15 16 1? 18 19 20 21 Occ. Occurrence
6* I I 0 0 0 0 0 I 0 3 33.3
12* 0 0 I I 0 I 0 0 0 3 33.3
Iff I I I I I I 0 1 I 8 88 .9
24* 1 0 ' I I 0 I I I I 8 8S. 9 ...
530* I 0 I I I I I I 1 8 8 8 .9
<*-
^ 36* I 0 0 0 0 0 0 0 0 I I I . I
0 0 0 0 0 0 0 0 0 0 0
¥3* 0 0 0 0 0 0 0 0 0 0 0
Tot.
ANOV
* *
**P < .01
Source d f 55 ms F
Total 71 13.5
Row 7 6.61 .944 9.83
Strip 8 1.5 .1871 .94d
Error 56 5.39 .096
VITA
P u i a k  Ray w a s  b o r n  o f  Mr .  M o h i t o s h  Ray a n d  M r s .  
S u d h a  Ray on  J u n e  2 0 ,  1944  i n  C h i n s u r a h ,  We s t  B e n g a l ,  
I n d i a .  He a t t e n d e d  h i g h  s c h o o l  i n  C a l c u t t a ,  I n d i a  a n d  
e n t e r e d  t h e  I n d i a n  I n s t i t u t e  o f  T e c h n o l o g y ,  K h a r a g p u r ,  
I n d i a ,  i n  1 9 6 1 .  He r e c e i v e d  t h e  B . S c .  d e g r e e  i n  G e o l o ­
g i c a l  S c i e n c e s  i n  1965  a n d  M . S c . ,  d e g r e e  i n  A p p l i e d  
G e o l o g y  f r o m  t h e  same i n s t i t u t e  i n  1 9 6 7 .  I n  h i s  M . S c .  
h e  w o r k e d  on  " S i l t i n g  i n  P a n c h e t  R e s e r v o i r ,  B i h a r ,  a n d  
i t s  e f f e c t  o n  t h e  l i f e  o f  t h e  d a m " .  He w o r k e d  i n  t h e  
g e o l o g i c a l  s u r v e y  o f  I n d i a  f o r  t e n  m o n t h s  a s  a  s e n i o r  
s t i p e n d i a r y  s c h o l a r ,  b e f o r e  j o i n i n g  L o u i s i a n a  S t a t e  
U n i v e r s i t y  i n  t h e  F a l l ,  ' 6 8 . He g o t  m a r r i e d  t o  KumKum 
B o s e  ( M . S c . )  i n  F e b r u a r y ,  1 9 7 0 .
109
EXAMINATION A N D  THESIS REPORT
Candidate: P u la k  K. Ray
Major Field: G e o lo g y
Title of Thesis: variability and Genesis o f  Sedimentary Structures o f
a Mississippi River Bar.
Approved
Major Professor and Chairman
d o -  <~ & tisw try i
Dean of the Graduate School
EXAMINING COMMITTEE:
Date of Examination:
No ve mb er  18 ,  1971
